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AGRICULTURAL BIOLOGY 


APPLICATIONS OF MICROBIOLOGY TO AGRICULTURE 
Yerevan KOMMUNIST in Russian 1 Oct 81 p 2 


[Article by E. Afrikyan, director of the Institute of Microbiology, Armenian 
Academy of Sciences, corresponding member of the Academy of Sciences: "Job for 
Bacteria. Science for Agriculture"] 


[Text] There is probably no problem of feed production that is not closely 
linked to microbiology. At the present time, several important directions have 
emerged in the area of microbiological work on the feed problem. 


As tar back as antiquity, man knew the processes to produce grain, fermented milk 
products and wine, which are actually a form of microbiological processing of 
products. As a result of vital functions of microorganisms, primarily yeast and 
lactobacilli, products are digested, enriched with proteins, vitamins and other 
Substances; they become more assimilable and nutritious. Digestion and assimilation 
of feed and food products by animals and man are largely related to the activity 
of intestinal microorganisms. Digestive processes would be considerably less in- 
tensive in the absence of these microorganisms. Hence a tempting idea was con- 
ceived, that of artificial microbiological processing of substrates that are 
difficult to assimilate. We refer to processes of fermentation of rough fodder, 
Straw, treatment thereof with various microbial enzymes, etc. In our country, 
the production of such preparations has been set up, and use thereof yields a 
great economic effect. 


One of the important directions of modern microbiology is to develop recovery of 
feed and food protein on the basis of products that have no feed value, for example, 
gases (carbon monoxide, carbon dioxide, hydrogen, methane), petroleum products 
(paraffin) and other mineral compounds. 


At the present time, microbiological science is successfully solving the probiem of 
industrial, plant production of feed and food products based on nonagricultural 
resources. In our country, the world's largest microbiological production of 
protein-vitamin feed concentrates based on petroleum products has been organized. 


In collaboration with genetics, biochemistry and other disciplines, microbiology 
has solved the problem of recovering the most important protein constituents of 
feed and food products, i.e., amino acids. The "Lysine" Plant in Charentsavan 

is the pioneer in this branch of the microbiological industry. Addition of the 
most important amino acids to feed yields a large economic effect in the Livestock 
industry. Suffice it to mention that addition of lysine to feed yields a teed 
saving of almost 20% and there is a high weight gain by animals. 
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the advances made by microbiology are so great that many specialists believe that 
there is a real prospect of producing feed and food products primarily with the 
use of nonagricultural means in the near future. 


The importance of microbiology is unquestionable with regard to augmenting producti- 
vity of plants, particularly leguminous ones, which have 2-3 or more times more 
protein than grain crops. Leguminous crops play a large part in enriching soil with 
organic nitrogen. Thanks to symbiosis with so-called rhizobia, they have the 
capacity to bind atmospheric nitrogen and enrich soil with organic substances. 

Other microorganisms that come in contact with shrubs and trees also have this 
property. Thus, the process of soil formation in the exposed land of Lake Sevan 
occurs chiefly by means of expressly such cultures. 


Microbiology has an effective soil-enriching product recovered from rhizobia--nitra- 
vin, which is used for presowing treatment of leguminous crop seeds. With such 
treatment, there is an average of 15-20% increase in productivity of these crops. 


The Institute of Microbiology of the Armenian Academy of Sciences has been working 
for many years on development of new and effective nitragin products. Several 
valuable cultures of rhizobia have been recommended for growing peas, sainfoin and 
soybeans. Much attention was devoted to developing an effective nitragin product 
for sainfoin, which is the main fodder crop raised in this republic. Fields 
thereof occupy more than 40,000 hectares annually. Peat nitragin, developed at the 
institute and tested under production conditions in different parts of Armenia 
turned out to be quite promising: it increasedsainfoin yield by 20-302. 


Along with productivity, there is also an increase in protein content of the crops 
and, accordingly, their feed value. Expansion of iexzuminous crop planting with 
mandatory use of nitragin is an important reserve for feed production. 


Of exceptional interest among leguminous plants are soybeans, which are richest in 
protein, vitamins and fat. In our country, major measures are being implemented 

to increase cultivation of this valuable feed and food crop. For several years, 
studies have been in progress at our institute of problems of recovery and use of 
nitragin for soybeans. It was established that it is inadmissible to raise soybeans 
in Armenia without treating seeds with nitragin, and it should be strictly manda- 
tory to use this product here. At the present time, our institute has some 
effective rhizobia. Use of some of them in recent years has resulted in the 
production and successful use of nitragin on soybeans. The soybean yield in- 
creased by 30-35%. 


Microbiological production of feed products with the use of photosynthesiziny 
microorganisms is quite tempting for such a sunny republic as Armenia. Algae 
that are rich in protein and vitamins, in particular chlorella, are being used 
extensively for this purpose in Central Asia and some other regions. Carbon 
dioxide is essential to grow such organisms, and in a number of instances good 
results are obtained using units for cultivating chlorella where exhaust gases 
from boiler rooms are blown through them. At the same time, this procedure 
improves the environment. 


In our republic, the Institute of Hydroponics and Agrochemical Problems and 
Institute of Microbiology, Armenian Academy of Sciences, are concerned with photo- 
synthesizing bacteria. Units have been developed to raise chlorella for animal 
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feed, tor example, the operating installation at the Nairi Livestock Complex. It 
is imperative to develop such work, paying special attention to creation of 
completely automated ana more productive units of the closed type. 


The advances of microbiology and several other disciplines in the area of producing 
feed and tood products from renewable raw material, primarily cellulose and starch, 
are extremely promising. This direction of work is particularly important in 

view of the increased cost of petroleum products and other raw material of feed 
value. Microbiology can recommend to agriculture sone simple and economical 

methods of processing poorly utilized cellulose waste using it as the basis for 
protein and vitamin concentrates. Methods of dry fermentation are biotechnologically 
acceptable; they permit running the microbiological process in ordinary feed shops 
that also exist in our republic. 


Studies pursued under the last five-year plan have yielded encouraging data on 

the microbiological method of enriching starch-containing raw material with protein. 
Last year, our institute, in collaboration with the Institute of Physiology otf 

the Academy of Sciences, completed studies of the feed value of biomass of new 
yeast cultivated on starch without prior treatment thereof. The results of tests 
on teng of thousands of heads of animals showed the high feed value of this 

product with regard to augmenting weight gain and productivity of chickens. 


There are good prospects in a new direction, which involves growing cells and 

tissues of plants and animals on artificial nutrient media, with yrowth intensity that 
is hundreds and thousands of times greater than in their natural habitat. It is 
imperative to broaden this research in every way so that it can be introduced into 
practice, 


Valvable knowhow has been gained in our country on the use of microbial fermenta- 
tion in ensilage practice. The etficacy of such ferments also depends on the 
distinctions of the bacterial culture. A terment from pentose-fermenting bacteria, 
which was recovered by Kazakhstan microbiologists, is quite effective for straw 

and other raw material that is difficult to ensilage. For the last few years, 
research has been conducted at our institute, under the guidance of L. Yerzinkyan, 
to tind new active lactobacilli for ensilaging. Several cultures can be recommend d 
for broad practical use. 


lt should be noted that the absence of the necessary experimental technological 

base, without which it is actually impossible to implement in practice the scientific 
advances, is a hindrance to introduction of the results of many of the studies 

of the Institute ot Microbiology into practice. There is a pressing need for 
implementation in an orderly fashion of a set of measures, with allocation of funds 
and resources. For example, a large production complex for maximally etfective 
processing and utilization of plant mass and waste is being organized at the 

Uzvara kolkhoz in Latvian SSR. Microbiological and biochemical processes are 

being worked out; technological installations have been produced. This work is 
headed by the Institute of Microbiology, Latvian SSR. The achievements in feed 
production are so impressive that their knowhow merits the broadest dissemination. 

In Estonia, where major measures are being implemented to strengthen the feed base, 
well-equipped laboratories manned by qualified personnel, which conduct work on a 
modern level, have been opened at many kolkhozes. These examples illustrate how 

the party's demands for integration of science and production are being met. 








Our republic has a powerful scientific potential in the area of microbiology, which 
is called upon to make a substantial contribution to strengthening and developing 
this republic's feed base. 
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UDC: 633.14:621.523 


DEFECTIVE CARYOPSIS USED AS SIGN FOR SELECTION OF HIGHLY PRODUCTIVE 
TETRAPLOID RYE GENOTYPES 


Moscow DOKLADY VSESOYUZNOY ORDENA LENINA I ORDENA TRUDOVOGO KRASNOGO ZNAMENI 
AKADEMII SEL'SKOKHOZYAYSTVENNYKH NAUK IMENI V. I. LENINA in Russian No l2, 
Dec 81 (manuscript received 19 Mar 81) pp 5-7 


KUVARIN, V. V., GLUSHCHENKO, I. Ye., academician of the All-Union Academy of 
Agricultural Sciences imeni Lenin and CHEBOTAREVA, T. M., All-Union Scientific 
Research Institute of Applied Molecular Biology and Genetics 


[Abstract ] Experiments were conducted with 29th-30th generation of Petkusskaya 
tetraploid rye received from GDR in 1961, which has been used for genetic and 
breeding work in the USSR since 1963. Seeds were planted and raised in 1978 

at the Republic Experimental Hop Growing Station and in 1980 at the experi- 
mental base, Gorki Leninskiye, of the All-Union Scientific Research Institute of 
Applied Molecular Biology and Genetics. Plants were classified according to 
quantity of defective caryopses and the findings processed on a Mir computer; 
the effects of defective caryopsis on spike produc-.ivity and fullness of seeds, 
as well as data on spike length, flowers per spikelet, grains per spike (total 
and defective) are listed in tables. Grain content of the spikes was related 
to formation of defective grains. There was considerable variation of defec- 
tive grains. There was considerable variation of defective caryopsis content 
of different plants, ranging from 0 to 38% per spike. The occurrence of 
defective caryopsis is a cytogenetic process that causes exvression of impor- 
tant features of rye. Highly productive genotypes of tetraploid rye, special 
attention being given to high grain content, smooth and even grain, absence cf 
defective caryopsis, must be screened, and this is already being done with 
Petkusskaya tetraploid rye and Tetraploid 1, developed by hybridization of 
perennial rye and tetraploid forms, References 6: 4 Russian, 2 Western. 
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UDC: 633.16:537.531 
EFFECTS OF 60 G4 GAMMA RADIATION ON POLYPHENOL COMPOUNDS IN BARLEY ONTOGENESIS 


Moscow DOKLADY VSESOYUZNOY ORDENA LENINA I ORDENA TRUDOVOGO KRASNOGO ZNAMENI 
AKADEMII SEL'SKOKHOZYAYSTVENNYKH NAUK IMENI V, I. LENINA in Russian No le, 
Dec 81 (manuscript received 30 Jul 80) pp 9-11 


VILENSKIY, Ye. R. and SHCHERBAKOV, V. K., All-Union "Order of Lenin" and "Order 
of People's Friendship" Scientific Research Institute of Plant Growing imeni 
N. I. Vavilov, Moscow Department 


[Abstract] Flavones and phenolcarboxylic acids referable to o-diphenols are 
the main phenol compound groups in barley leaves, with insignificant amount in 
reproductive organs (spikes). Studies were made of levels of saponarin, 
flavone glycoside, luteolin glycoside, trihydroxyflavone glucoside and 
"tritsin" [?] levels before and after exposure to gamma radiation in barley 
leaves at different stages of organogenesis. Moskovskiy 121 barley was 
raised in vegetation vessels and exposed to radiation from an experimental 
"Gamma Field" unit in a dose of 13 Gy at the rate of 0.81 Gy/h. O-diphenol 
content was assayed vithout irradiation, 3 and 24 h after irradiation at dif- 
ferent stages of organogenesis and its level in leaves at the 4th stage of 
organogenesis after irradiation. Barley leaves were found to be the most 
responsive to gamma radiation, with regard to capacity for postradiation pro- 
duction of flavones, at the 4th and 7th stages of organogenesis. There was a 
150-200% increase in amounts of the main C-glycosyl flavones, as compared to 
the control, at these stages. The most drastic increase in leaf o-diphenol 
content after irradiation was in the 7th phase of organogenesis and in level 
thereof in generative organs at the 9th phase. Figures 2; references 9: 

8 Russian, 1 Western. 
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UDC: 637.086, 26 
WINTER CATCH CROPS AS GREEN FODDER FOR SPRING 
Moscow DOKLADY VSESOYUZNOY ORDENA LENINA I ORDENA TRUDOVOGO KRASNOGO ZNAMENI 
AKADEMII SEL'SKOKHOZYAYSTVENNYKH NAUK IMENI V. I. LENINA in Russian No le, 
Dec 81 (manuscript received 17 Feb 81) pp 12-14 


PROSKURA, I. P. and VASYURA, S. A., Ukrainian Scientific Research Institute 
of Animal Feed 


[Abstract] Studies were conducted in 1974-1978 on the experimental plot of 
the Ukrainian Scientific Research Institute of Animal Feed. Catch crops were 








planted after winter grain crops. The following cultivars and varieties were 
used; Nemerchanskiy 2268 winter rape, Verkhnyacheskaya tetraploid winter rye, 
Zarechanskaya green hay ["zelenoukosnaya"?], Amphidiploid 1 triticale, 
Mironovskaya 808 winter wheat and Dneprovskaya 1 winter vetch, using two types 
of mineral nutrition. Optimum mowing time distribution, height of catch crops 
at green fodder stage, their productivity, amount of feed recovered from these 
crops as a function of time at which they are used are tabulated. An increase 
in mineral fertilizers was found to be one of the means of increasing produc- 
tivity of green fodder crops for the spring. One can provide for a continuous 
supply of fodder by planting several crops differing in mowing time,gathering 
each at its optimum time and obtaining high productivity per hectare, 
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UDC: 631.526( 252.6) 
HERBICIDAL EFFECT OF PEAT ON FARM CROPS 


Moscow DOKLADY VSESOYUZNOY ORDENA LENINA I ORDENA TRUDOVOGO KRASNOGO ZNAMENI 
AKADEMII SEL'SKOKHOZYAYSTVENNYKH NAUK IMENI V. I. LENINA in Russian No le, 
Dec 81 (manuscript received 19 Jun 80) py 17-18 


KASPIROVA, T. A., All-Union scientific Research Institute of Plant Protection 


[Abstract ] Studies revealed that diseases occurring in several regions of 
the northwestern Nonchernozem in tomatoes, cucumbers, cabbage, raspberries, 
grain crops, pine seedlings and gloxinia were caused by peat used exclusively 
or as a component of fertilizers or hothouse soil. The damage is similar to 
that caused by herbicides, but not identical. A comparison is made of the 
effects of peat, sodium trichloroacetate and dalapon [herbicide] on growth of 
root systems and stalks of pea, barley and wheat sprouts in laboratory, hnot- 
house and field experiments. Effects of aqueous and alcohol peat extracts 
were tested, the former having the maximum herbicidal effect. Peat had a 
stronger effect on stalks of wheat and peas than sodium tricholoracetate, but 
less marked effect than dalapon on pea stalk length, whereas both herbicides 
and peat inhibited root growth. Analysis revealed that peat and peat extracts 
affected plant development showing the same structural changes in tissues as 
herbicides. It is assumed that biotic and abiotic factors could create 
favorable conditions for expression of peat's effects on farm crops, and it is 
difficult to predict them. It is re ommended that peat be used in soil mixed 
with earth,sand and others (manure, shavings, lignin, etc.) to minimize the 


danger to plants. Figures 2; referenc.s 6 Russian. 
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UDC: 636,.2:612,822,3 
RADIOTELEMETRIC STUDY OF ACTION CURRENTS OF COW'S BRAIN 


Moscow DOKLADY VSESOYUZNOY ORDENA LENINA I ORDENA TRUDOVOGO KRASNOGO ZNAMENI 
AKADEMII SEL'SKOKHOZYAYSTVENNYKH NAUK IMENI V, I. LENINA in Russian No le, 
Dec 81 (manuscript received 7 Jan 81) pp 20-22 


NAUMOV, A. R., ZUSMANOVSKIY, A. G. and BYKOV, V. P., Ul'yanovskiy Agricultural 
Institute 


[Abstract] The transition to industrial livestock farming technology makes it 
necessary to have criteria for assessing optimum anima! upkeep conditions that 
would permit optimization of technology, for which purpose physiological 
parameters have been recorded on livestock, using radiobiotelemetry, which 
permits picking up, transmitting and recording signals of bioelectrical 
activity, such as the EKG, EMG and EEG, The hardware of this system is 
described and samples of the cow's EEG tracings are illustrated. A correla- 
tion was found between peaks of EEG activity and milking: one peak corresponds 
to start of milking and secretion of oxytocin and the second to dissociatior 
between cisternal pressure and milking machine vacuum, which drops toward the 
end of the milking process and elicits unpleasant, painful sensations that 
stimulate the animals. The EEG reverts to normal 5-" min after disconnecting 
the milking machine, The findings indicate that the 1G of cows reflects dif- 
ferent physiological states, changing when they dirrer from resting activity 
and reverting to normal when excitatory or inhibitory factors affecting bio- 
electrical activity of the brain are removed. Figures 3; references: 8 Russian. 
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UDC: 636.2:637.512.7 
QUALITY OF VEAL FROM INTENSIVELY RAISED CALVES 


Moscow DOKLADY VSESOYUZNOY ORDENA LENIMA I ORDENA TRUDOVOGO KRASNOGO ZNAMENI 
AKADEMII SEL'SKOKHOZYAYSTVENNYKH NAUK IMENI V, I. LENINA in Russian No le, 
Dec 81 (manuscript received 1 Oct 81) pp 33-35 


AMERKHANOV, Kh. A., All-Union "Order of 'Honor Badge'" Correspondence 
Agricultural Institute 


[Abstract ] Comparative studies were made of uncastrated bull calves of the 
Swiss (lst group, control), Aberdeen Angus (2d group), Kalmytskaya (3d group) 
and Hereford (4th group) breeds, at the Belorechenskiy Sovkhoz in Kabardino- 
Balkarskaya ASSR in 1979-1981. There were differences between breeds in feed 
intake, live weight, relative growth rate, chemistry of meat samples, protein/ 
fat ratio, caloric value per kg veal, relative bone weight. Relative growth 
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rate at different stages of development from birth to 18 months, morphological 
composition of carcasses, chemical composition of ground meat samples at 18 
months of age are tabulated. The ed and 3d groups were rated highest for the 
tenderness criterion, but all groups had a good rating for flavor. Also, all 
groups reached a large live weight and yielded good quality of meat when raised 
intensively on tethers. References 11: 8 Russian, 3 Western. 
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UDC: 614.31+614.72:615.918:582.28 
NEW DATA ON METABOLISM AND ACTION MECHANISM OF MYCOTOXINS 
Moscow VESTNIK AKADEMII MEDITSINSKIKH NAUK SSSR in Russian No 1, Jan 81 pp 88-95 


[Article by V. A. Tutel'yan and L. V. Kravchenko, Institute of Nutrition, USSR 
Academy of Medical Sciences, Moscow] 


[Text] The discovery of a large number of mycotoxins, which are secondary 
metabolites of mold fungi that contaminate foods and feed, evidence of their 
health hazard to man and animals have led to increasing attention being 
given to the problem of mycotoxins by specialists in the most varied branches 
of science, At the present time, more than 240 strains of different species 
of microscopic fungi have been isolated, which produce about 100 toxic com- 
pounds that are the cause of alimentary mycotoxicosis in man and animals 
(Stoloff, 1976; Gigler, 1978; Weiss, 1978; Wilke, 1979). 


Ergotism, toxic alimentary aleukia, cardiac form of beriberi, Reye's syndrome, 
juvenile cirrhosis of the liver, as well as balkan nephropathy, pellagra and 
Kashin-Bek disease are among the human diseases whose etiology is related 

to intake of food contaminatea with mycotoxins (Newberne, 1974; Lafont and 
Lafont, 1978; Ryan et al., 1979; Schoental, 1980). 


A number of mycotoxins have marked carcinogenic, teratogenic and mutagenic 
properties. Aflatoxins, sterigmatocystin, ochratoxins, trichothecenes and 
zearalenone are notable among the mycotoxins for their toxic effects and 

wide distribution, although many others are also potentially dangerous to man, 


One of the most important medical aspects of the mycotoxin problem is to 
study processes of biotransformation of mycotoxins in the organism and the 
mechanism of their effects. 


The alimentary route is the principal route of entrance of mycotoxins, with 
contaminated foods of plant origin or through the system of alimentary chains 
with milk and tissues of animals which consumed contaminated feed. 


What is the subsequent fate of mycotoxins in the body? It has been proven that 
they can be detoxified by means of biotransformation into inactive compounds, 
or formation of conjugates with cysteine, glutathione, glucuronic and sulfuric 
acids; they can accumulate in tissues, remaining unchanged for a long period of 
time; finally, they can be "activated," i.e., transformed into more active and 
toxic metabolites (Campbell and Hayes, 1976; Patterson, 1977a, b; Shank, 1977). 
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First of all, we should discuss aflatoxins that are metabolites ot fungi of 

the penus Asperpvillus, whose hepatoxic and hepatocarcinoygenic effects have been 
proven on most animal species (A. A. Pokrovskiy et al., 1977; Lafont and 
Lafont, 1978). There is also every reason to believe that the high incidence 
of primary cancer of the Liver in some parts of the world is attributable to a 
high level of contamination of foodstuffs with aflatoxins (Newberne, 1974; 
Campbell and Stoloff, 1974; P. Lafont and J. Lafont, 1978). 


In addition to the four main representatives of the aflatoxin family--aflatoxins 
B,, Bo, G; and Go--there are several derivatives--aflatoxins M,, M2 (isolated 

trom milk), Py and Q), the most toxic of which is aflatoxin B,. Studies of 

the rate of metabolism of aflatoxin B, in difterent animal species revealed 

that its half-life in the organism constitutes 12-15 h (Mabee and Chipley, 1973). 
Regardless of route of administration, aflatoxin accumulates rapidly in the 

liver (Garner and Wright, 1975; Chou and Marth, 1976; Ueno et al., 1980). 


Studies conducted in recent years, both in vivo and invitro, using homogenates 
and fractions of hepatic microsomes from different species of animals and man 
revealed that atlatoxins are metabolized by the same enzymatic systems as other 
xenobiotics (Patterson, 1977a, b; 1979; Shank, 1977). As can be seen in 

Figure 1, aflatoxin B;, with the involvement of microsomal oxidases with mixed 
function, can be subject to hydroxylation with production of less toxic meta- 
bolites--aflatoxins M,, Q; and P,. For many biological species, aflatoxin M1 
is one of the main metabolites demonstrable in milk and urine, although it 
constitutes no more than 3% of the given amount of aflatoxin B, (Shank, 1977; 
Campbell and Hayes, 1976). 


According to the data of Masri et al., aflatoxin Q,; is the principal product 
of detoxification of aflatoxin B, in the liver of primates and man. Its 
toxicity is 1/18th that of aflatoxin B, (Hsieh et al., 1974; Masri et al., 1979). 


Aflatoxin P, constitrtes about 20% of the given total dose of aflatoxin B, and 
60% of all of its derivatives demonstrable in simian urine. Of this, 50% is 
referable to glucuronide and 10% to aflatoxin P; sulfate (Dalezios et al., 
1971). 


The second possible route of detoxification of aflatoxin B, in the liver is 
reduction [recovery] of cyclopentenone with the participation of cytosol 
dehydrogenases and production of aflatoxicol. This reaction is reversible, 
for which reason some authors consider aflatoxicol as a "spare" form of afla- 
toxin B,; in the cell (Scott and Sinnhuber, 1978; Wong and Hsieh, 1978). 


Finally, aflatoxin B, can be "activated" with the involvement of the same 
enzymatic systems of the endoplasmic reticulum, It is believed that one 
of these "active" forms of aflatoxin B, is its hemiacetal--aflatoxin %2,, 
which readily forms Schiff bases with amino acids, peptides and proteins 
including, of course, enzymes (Ashoor and Chu, 1975; Patterson, 1979). 


lt is assumed that 2,3-epoxy aflatoxin 8, is another "active" form of 
aflatoxin B, (Campbell and Hayes, 1976; Garner, 1975; Swenson et al., 1973, 
1975; Patterson, 1979). Although this compound has not been isolated, there 
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Figure 1. Routes of metabolism of aflatoxin B, 


is considerable convincing indirect evidence of its involvement in the bio- 
chemical effects of aflatoxin B,;. The mechanism of metabolic epoxidization 
has been little-studied, although there is no question that such a reaction 
does exist in mammalian cells. By analogy with other potent carcinogens (for 
example, polycyclic aromatic hydrocarbons), it is believed that the dual bond 
of the terminal furane ring of molecules of the most toxic representatives of 
the aflatoxin family--aflatoxins B,, G, and M,--is subject to epoxidization 
(Schoental, 1970; Campbell and Hayes, 1976). It should be noted that afla- 
toxins Bz and G2, whose molecules do not have these dual bonds, have consider- 
ably less biological activity. The 2,3-epoxy of aflatoxin B,, which is 
produced under the influence of the enzyme, epoxy hydrase, can change very 
rapidly into 2,3-dihydrodiol of aflatoxin B, (see Figure 1). 
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This compound, 4S well as other derivatives of aflatoxin B,, which are formed 
in the endoplasmic reticulum, can form conjugates with glutathione, cysteine, 
wlucuronic or sulfuric acids, and then be excreted in this torm in bile and 
urine (Dalezios et al., 1971; Patterson, 1976; Degen and Neuman, 1978). 


lt is important to note that the direction of aflatoxin metabolism can change 
Significantly, depending on diet. In particular, it was shown that an in- 
crease in share of protein in the diet (up to 62%) leads to depression ot 
activity of enzymatic systems responsible for detoxification ot aflatoxin B,, 
but activation of enzymes that cause its "toxification" (Lee et al., 19°8). At 
the same time, in the case of a protein-deficient (5%) diet, a decrease was 
demonstrated in activity of epoxy hydrase and amount of cytochrome P-450, 
with decreased production of aflatoxins Q, and M, (Adekunle et al., 1978). 


Obviously, questions of so-called activation of aflatoxin in the cell are 

rather important to understanding of the action mechanism of mycotoxins. As 

we have already mentioned, the deciding factor in the mechanism of action of 
aflatoxin js interaction, in the first place, of its active form--aflatoxin B,-- 
with amino acids and proteins, and in the second place of 2,3 epoxy aflatoxin B, 
with nucleic acids. 
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Figure 2. Mechanism of interaction between atlatoxin Bj, and 
amino acids or proteins 


The possibility of interaction between aflatoxin B2, and amino acids (Figure 2) 
implies that phenolate ion thereof is formed in an alkaline medium, and its 
aldehyde groups interact with amino acid amino groups, forming a Schiff base 
(Ashoor and Chu, 1975; Patterson, 1976). Evidently, inhibition of many en- 
zymes in the presence of afiatoxin poisoning is based expressly on this mechan- 
ism and it is expressly aflatoxin Bzqg that is the most responsible for the 
acute toxic effect of aflatoxin B). 
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Mechanism of interaction between afla- 
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Figure 4, 
Atlatoxin-blocked termination of peptide 
chain synthesis 











Aflatoxin B, 2,3-epoxy, another 
"active" metabolite, interacts inten- 
Sively with aucleic acids. 


Studies conducted in vivo and experi- 
ments in vitro on different models 
revealed that aflatoxins, like many 
other hepatotoxins, depress signifi- 
cantly the synthesis of DNA, RNA and 
protein. It is believed that impaired 
nucleic acid synthesis is the conse- 
quence of interaction between afla- 
toxin B,; or its epoxy [epoxide] with 
the DNA molecule (Figure 3) and im- 
pairment of its properties as a tem- 
plate (Wogan, 1974; Swenson et al., 
1973, 1975, 1977; Prasanna et al., 
1976). Nor can we rule out the 
possibility of a direct effect of 
aflatoxins on enzymes of nucleic acid 
synthesis (Moule, 1974). The studies 
of Swenson et al. warrant the assump- 
tion that a covalent bond is formed 
between the C-2 terminal furan ring 
of aflatoxin B, (aflatoxin B, epoxy) 
and N-7 guanine (Swenson et al., 
1975, 1977). 


It is assumed that expressly 2, 3-epoxy 
aflatoxin Bi is the most responsible 
for the mutagenic and carcinogenic 
effects of aflatoxin B, (Swenson et 
al., 1973, 1977; Patterson, 1976; 
Garner et al., 1979). 


The effect of aflatoxin on the pro- 
cess of protein biosynthesis is not 
limited solely to its interaction 
with DNA and RNA. it was recently’ 
convincingly demonstrated that 


aflatoxins can block the process of termination of synthesis of the peptide 


chain (Figure 4). 


along mRNA and of the process of their release. 


formed (Sarasin and Moule, 1976). 


This is associated with impairment of ribosomal movement 


So-called spiral polysomes ere 


With reference to the mechanism of action of aflatoxins, we cannot fail to men- 
tion their membranotropic effects, particularly the deleterious effect on lyso- 


some membranes. 


Systematic in vivo studies in experiments on animals and in 


vitroon isolated organelles of the effects of aflatoxin on lysosomes demonstrated 
activation of the lysosomal hydrolase complex of target organ (liver) cells and 


early labilization of 


hepatic lysosome membranes in aflatoxin-sensitive animal 


species (A. A. Pokrovskiy et al., 1971; Pokrovsky et al., 1972). 
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[t can be assumed that membrane structures of the cell, such as lysosomes, may 
play some part in expression not only of the toxic, but carcinogenic effects 

of aflatoxins. When released from damaged lysosomes, hydrolases elicit impair- 
ment of the structure of other membrane elements of the cell and disorganization 
of metabolic processes which, perhaps, alleviates to some degree interaction 
between aflatoxin and the genetic system, 


We tried to sum up the current conceptions on the mechanism of aflatoxin action 
in the form of a chart (Figure 5), which shows that aflatoxins or their active 
forms affect virtually all cell components. 


They bind with DNA in nuclei, inhibit DYNA replication, DNA-dependent RNA 
polymerase and the transcription process proper (Wogan, 1974; Meneghini and 
Schumacher, 1977; Prasanna et al., 1976); in mitochondria they increase membrane 
permeability, block syntnesis of mitochondrial DNA and proteins, impair the 
function of the electron-transport system thus eliciting energy deficiency in 
the cell (Doherty and Campbell, 1973; Obidoa and Obonna, 1979). 


Serious disturbances are observed in the endoplasmic reticulum: in the first 
place, there is inhibition of protein synthesis due to interaction with RNA 
and blocking of termination of peptide chain synthesis on polysomes; in the 
seconc place, there is successful competition of aflatoxins for interaction 
with binding sites on polysomes; in the third place, there is inhibition or 
synthesis and impaired regulation of synthesis of fatty acids, phospholipids 
and cholesterol (Williams and Rabin 1971; Lo Wan-Bang and Black, 1972; Sarasin 
and Moule, 1976; Das et al., 1978). As we have already mentioned in cytosol 
aflatoxin interacts intensively with soluble proteins and inhibits enzymes. 
Finally, there is the direct effect of aflatoxins on lysosomes, leading to 
damage to their membranes and release of active hydrolases (A. A. Pokrovskiy et 
all, 1971, 1972). All of the above factors lead to "metaboiic chaos," which 
precedes cell death. 


It could be noted that in discussion of processes of biotransformation of afla- 
toxins in the body and mechanisms of their interaction, several theses were 
hypothetical. And this was so, in spite of the profusion of experimental data. 
As for other mycotoxins, it can be stated with certainty that we are only 
beginning to solve the problem of identifying the distinctions of their meta- 
bolism and action mechanism, 


Sterigmatocystin is an intermediate product of biosynthesis of aflatoxin B, 
by cultures of Aspergillus flavus. Like aflatoxins, sterigmatocystin elicits 
primarily damage to the liver, having a marked mutganeic and carcinogenic effect 
(Stich and Laishes, 1975; Hamasaki and Hatsuda, 1977). It is believed that 

in the course of metabolism there is epoxidation of this mycotoxin with produc- 
tion of a highly reactive form, 2,3-epoxy sterigmatocystin (Patterson, 1977b). 
Expressly this metabolite of sterigmatocystin causes alkylation of nucleic acids, 
thereby inhibiting protein synthesis (Figure 6). It is remarkable that sterig- 
matocystin, like aflatoxins, destabilizes lysosomal membranes in the liver. 
However, it does so to a lesser extent than aflatoxin B, (L. V. Kravchenko, 1979). 
This fact is consistent, to some extent, with the severity of the ultimate 








biological effect of sterigmatocystin, the carcinogenic and mutagenic effects 
of which are less marked than in other representatives of the aflatoxin family. 
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Figure 6. Mechanism of action of sterigmatocystin 


The ochratoxin group, which includes toxic metabolites of different species 

of mold fungi from the genera Penicillium and Aspergillus, merits considerable 
attention. Structurally, they are isocoumarins bound with L-phenylalanine. 
Ochratoxins selectively strike the kidneys, mainly the proximal tubules. In 
addition to the marked nephrotoxic effect, they also have a hepatotoxic effect 
and teratogenic properties. Some researchers believe that ochratoxins may play 
some part in the etiology ot endemic nephropathy, a serious chronic disease of 
the kidneys which is widespread in some parts of Bulgaria, Romania and Yugoslavia 
(Galtier, 1974, 1975; L. V. Kravchenko and V. A. Tutel'yan, 1978; Pavlovic et 
al., 1979). 


Studies of the routes ot ochratoxin metabolism revealed that, in rats, 95% of 
ochratoxin A given per os is bound within 8 h with blood plasma proteins 
(Galtier, 1974). It is believed that the toxin is accumulated in the liver, 
kidneys and muscles. However, it is detoxified in the colon, where the intes- 
tinal microflora splits phenylalanine from the ochratoxin A molecule through 
enzymatic hydrolysis (under the effect of carboxypeptidase A) and changes it 
into a nontoxic product, so-called ochratoxin-a (Galtier, 1975; Chang and Chu, 
1977). We cannot rule out the fact that detoxification of ochratoxin A could 
also occur in various tissues with the involvement of lysosomal enzymes, in 
particular cathepsin A (Figure 7). 


The toxic properties of ochratoxins are attributable primarily to their 
capacity to bind readily and firmly with proteins (Galtier, 1974; Chang and 
Chu, 1977; Patterson, 1977). There is information to the effect that they 
depress synthesis of protein and oxidative phosphorylation (Galtier, 1975; 
Bunge et al., 1978). It was demonstrated that, in the liver, ochratoxin A 
depresses phosphorylase b activity and, in the kidneys, leads to depression of 
yluconeogenesis due to decrease in activity of phosphoenolpyruvate carboxylase 
(Meisner and Selanik, 1979; Galtier, 1975). 


Trichothecene mycotoxins present a significant health hazard to man and 
animals; they are produced by fungi oi the genus Fusarium, as well as some 
species of Myrothecium, Trichoderma and Cephalosporium. At the present time, 
there are more than 40 known trichothecenes, producers of which have been 
isolated from foodstuffs and feed, that were the cause of toxicosis in farm 
animals and fowl. With regard to chemical structure, trichothecenes are 
sesquiterpenes (A. N. Kotik ei al., 1979; Bamburg, 1976; Schoental, 1980). 
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Poisoning by mycotoxins of this group 
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tory effect on protein biosynthesis 
(Bamburg, 1976; Oldham et al., 1980; 
Agrelo and Schoental, 1980). All of these mycotoxins elicit disaggregation of 
polysomes and disrupt translation (T-2 toxin, verrucarins, fusarenone X, 
nivalenol, diacetoxyscirpenol) or the process of elongation and termination of 
translation (trichcthecin, crotocin, trichodermin). It is rather interesting 

to note that mycotoxins, which depress initiation of translation, have more 
marked toxic properties than toxins that affect later stages of protein synthesis 
on ribosomes (see Table). Some trichothecenes are capible of completely 
depressing the activity of thiol-dependent enzymes (lviio and Matsumoto, 1975). 


Structure of some trichothecenes, toxic properties and efilects on protein 
biosynthesis 
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Figure 8. 
Structural formula of zeralenone Microscopic tungi of the genus Fusarium 


produce several other mycotoxins, in 
addition to trichothecens, They include a steroid toxin (produced by F. sporo- 
trichiella) which is the etiological agent of alimentary toxic aleukia (A. A. 
Pokrovskiy et al., 1976; Pokrovsky et al., 1975). It has been shown that the 
mechanism of action of this fusariotoxin is based on a membranotropic ef ‘ect, 
namely, selective destruction of structure and properties of lysosomal membranes 
of hemopoietic cells (A. A. Pokrovskiy et al., 1976; Pokrovsky et al., 1975). 
Some authors believe that, in addition to a steroid fusariotoxin, som: part is 
played by mycotoxins of the trichothecene group in development of alimentary 
toxic aleukia. 


There is one more mycotoxin, zearalenone (Figure 8), a lactone with marked 
estrogenic properties, which is a metabolite of Fusarium species that are very 
widespread in nature (Pathre and Mirocha, 1976). When given to rats by mouth, 
zearalenone is accumulated in maximum quantities in fatty tissue, the myo- 
metrium, ovaries and liver (Ueno and Ayki, 1976; Ueno et al., 1977). It 
stimulates DNA, RNA and protein synthesis in target organs (uterus, mammary 
gwlands) (Ueno et al., 1977). It is believed that the biological effects of 
this mycotoxin are attributable to its capacity to interact with specific 
estradiol-binding receptors in target cells (Greenman et al., 1977; Boyd and 
Wittlifft, 1978; Mirocha, 1977). 


Zearalenone is transformed into a- and (-isomers in the liver, which are more 
toxic than it is (Mirocha, 1979). It was shown that biotransformation of zea- 
ralenone occurs with the involvement of a-hydroxysteroid dehydrogenase, whose 
activity is demonstrable in both microsomes (NADH-dependent) and cytosol 
(NADPH-dependent) (Olsen et al., 1979; Tashiro et al., 1979). The forma- 
tion of conjugates--glucuronides and sulfates--is another route of meta- 
bolism of zearalenone and its derivatives, including the more toxic ones 

(Ueno et al., 1977; Kiessling and Pettersson, 1978; Mirocha, 1979; Olsen 

et ale, 1979). 


Thus, we have discussed the routes of metabolism and distinctions of biochemical 
mechanism of action of several representatives of the rather large mycotoxii. 
yroup. As could be seen trom the submitted data, all of the mycotoxins studied 
affect to some degree or other the different stages of protein and nucleic acid 
biosynthesis. But, this is apparently related more to the attention given by 
researchers to the study of these processes, which are of paramount importance 
to vital functions of the cell. The demonstrated biochemical changes are not 
specitic to mycotoxins alone, and they do not explain entirely their ultimate 
biological effects. For this reason, studies of the effects of mycotoxins on 
other aspects of cell metabolism and, first of all, membranes, which are the 
structural basis of the enzymatic variegation in the cell and perform an 
important role in organizing metabolic processes, acquire particular importance. 
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EXPERIENCE WITH FRACTION I OF PASTEURELLA PESTIS USED FOR REVACCINATION OF 
EXPERIMENTAL ANIMALS 


Moscow ZHURNAL MIKROBIOLOGII, EPIDEMIOLOGII I IMMUNOBIOLOGII in Russian No 5, 
May 82 (manuscript received 13 Jul 81) pp 60-63 


[Article by V. A. Lebedinskiy, Yu. V. Chicherin, V. N. Pautov, V. l. 
Yevstigneyev, A. A. Byvalov, 0. A. Kedrov [deceased] and N. P, Dodonov ]} 


[Text] Refinement of methods and agents for active prevention of plague among 
residents of endemic regions is still one of the pressing problems of applied 
immunology. We knov from clinical use of the most effective live vaccines 
that even mass scale administration of such products does not guarantee a 
radical epidemic-control effect [3, 7]. At the same time, experimental studies 
have shown that the quality of the vaccine, dosage, rouve and program of 
administration are of deciding importance to production of very high immunity 
to plague. The question of a wise program for vaccination against the plague 
has been the least studied. In order to work out an effective program for 
revaccination of the public, it is imperative to expand research on a problem 
that has not yet been solved. The point is that, on the one hand, with 
repeated administration of live vaccine, the revaccination phenomenon is pos- 
sible by virtue of universality--per Zdrodovskiy [2]; but, on the other hand, 
live plague vaccine may not take in an immune organism and, as a result, there 
will not be sufficiently strong antigenic stimulation or revaccination effect. 


Experimental evidence of both the first and second of these conceptions is 
offered in the literature. For example, according to the studies of Korobkova 
[4, 5], there must be 2-fold primary immunization at an interval of 20-25 days, 
followed by single revaccination every 12 months in order to achieve the re- 
quired epidemic-control effect, whereas in particularly serious epidemic situa- 
tions there should be a double inoculation after 6 months. Other authors [8- 
ll, 13] cite experimental data that also confirm that there is a higher level 
of immunity after two-fold inoculation with live EB plague vaccine and that 

it is more marked with repeated revaccinations at extended intervals (from 3-4 
weeks to 2-3 months), as compared to single immunization. 


Conversely, Kotlyarova [6] believes that frequent reimmunization not only 
enhances resistance to plague, but could drastically lower the immunizing 
effect. There has been a logical explanation for the decline of immunogenic 
activity of live vaccine when used for revaccination in the studies of other 
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authors [12, 14], who demonstrated in experiments on animals that there is 
"attenuation" of adaptation, as well as rapid elimination, when repeated 
inoculations are given with immunogenically effective vaccine strain bacteria. 


In order to check these theses, as well as find the optimum program for revaccina- 
tion against plague and choose a vaccine product suitable for this purpose, we 
conducted experiments on laboratory animals, and the results are submitted here, 


Table Ll. Protective efficacy of FI and live NIIS vaccine used to reimmunize 
guinea pigs 
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FI 9/9 1:10000%3,9 | 30 | 8/9 0,89 2 
NIIS vaccine 75 5/7 1:69%1,3 | 30 | 5/7 0,71 12 
Control 2 | — 16/27 | «-1758%1,9 =| 75 | 19/27 | 0,70 | 108 
Control 3 | —| s7 | 1352%1,9 | 105 | 4/7 | 0,87 | 10,7 
FI 10/10 1:41700%4,1 | 30 | 10/10 1,00 -- 
NTIS vaccine | '™” 6/8 13325%2,7 30 | 5/8 0,62 | 10,3 
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Control 4 — | 1:40x2,0 | 1:40%2,0 | 150 | 4/8 | 0,50 | 48 
Control 5 | —- | 05 | 0 | — | 0% | 0 | 4,1 





Notes: 1. I is ratio of surviving animals to number infected. 
2. Vaccination and revaccination was performed by the sub- 
cutaneous method, antibody titers were assayed before infection. 
3. Controls 1, 2, 3 and 4--animals were not revaccinated; 
control 5--animals we 't vaccinated. 


Material and Methods 


We used mongrel guinea pigs weighing 280-350 g in our experiments. Primary 
immunization was administered using NIIS live, dry plague vaccine subcutaneous 
and by inhalation. The vaccine dosage was 10° live microorganisms for sub- 
cutaneous vaccination and booster shots and 10’ live microbes for inhalation. 
Of the guinea pigs inoculated by innalation, we selected for the experiment 
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either specimens with low immunoglobins to fraction Th (hslO titer) tn blood 
serum, or else none at ali, within the range ot sensitivity of the reaction 

ot passive hemagglutination (RPHA) of FI antibodies. This was due to the fact 
that animals with proper serological changes at the early stages (1-3 months) 
after inhalation inoculation have marked resistance, against the background of 
which it is difficult to assess the immunogenic activity of vaccines that are 
intended for revaccination. In this study, we used both live vaccine and a 
purified preparation (Fl) for revaccination. In preliminary experiments, immuno- 
wenic activity of FI for white mice, after hypodermic injection together with 
incomplete Freund adjuvant (IFA), constituted 1,272.79 ug (EDso0 leffective 
dose]), The booster dosage of such antigen with IFA constituted 100 py. The 
intensity of serological alteration in inoculated animals was assessed by the 
results of the RPHA using Fl-sensitized ram erythrocytes, Control infection 

of animals was performed subcutaneously using 2-day agar culture of P. pestis: 
dosage of 25,000 LDs9 to determine the existing number of immune animals [or 
extent of immunity?] and in the dose range of 10!-10’ live bacteria to estimate 
LDsg- We had infected animals under observation for 30 days. Dead animals were 
submitted to necropsy and bacteriological examiration using the conventional 
techniques for plague infection. 


Table 2. Indicators of adaptation ["take"] of live plague vaccine after 
hypodermic vaccination and revaccination of guinea pigs (M+m) 
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Notes: 1. Reinoculation was performed 3 months after the primary one. 
2. The dosage of vaccine for first time and revaccination was 
10’ live bacteria. 


Results and Discussion 


Determination of extent of immunity among animals inoculated with vaccine and 
revaccinated at different intervals with FI and live vaccine by means of 
hypodermic infection with a massive dose of P. pestis revealed that, in all 
cases, repeated immunization led to a rise of this indicator (Table 1). 
immunogenic activity of FI was higher than the activity of live vaccine, with 
regard to both protective effect and stimulation of immunoglobulin production. 
Our findings were also indicative of consistent enhancement of the revaccination 
phenomenon with increase in interval between inoculations. This pattern was 
inherent in both live and "chemical" vaccines, but while intensification of 
the protective effect of the latter was associated with marked serological 
alterations, when live vaccine was used for reinoculation the increase in 
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number ot resistant animals corresponded to a significaly lower level of anti- 
bodies to FI. This can apparently be attributed to the fact that animals, that 
were inoculated with live vaccine at the long term after vaccination, retained 
immunity, which prevented adaptation of the vaccine strain of bacteria in a 
considerable number of animals, but there was not enough vaccine to withstand 
infection with a virulent culture of P. pestis. In order to verify this hypo- 
thesis, we conducted an experiment to study reproduction and dissemination of 
vaccine strain bacteria in intact and immunized guinea pigs. 


Table 3. Intensity of immunity to plague in guinea pigs as related to 
immunization program 





















































Animals | ' " . 
‘Anim an- |. _ [Infective cai 
Vaccination program t ibodies |Ceometric dose, ig LD,.*K 
(numer.) | mean of |quantity|>)7 j)- a 
fof total| titer jof live fected 
| examine ) bacteria | (qenom. ) 
_ (denomin . 
Inhalation of live vaccine 10! 0/4 
7 , ; 
(10° live bacteria) and re- 109 1/5 >10? 
oe 15/17 1:470 *7,3 108 1/5 
vaccination with FI (100 wg) 10? 0/3 
after 2 months 
Inhalation (1U’ Live bacteria) 10! 0/4 
2/18 1:10 109 2/4 130 - 109% 128 
108 2/5 
10’? 3/5 
Control--animals were not 10! 3/5 


| 10° 5/5 
Note: K-=-confidence interval of geometric mean with probability of 0.95. 


The results of this experiment (Table 2) were indicative of the validity of the 
above interpretation: vaccine strain bacteria were isolated from the primary 
complex of revaccinated animals at a lower incidence, in smaller concentration, 
for a shorter period of time and they were not disseminated in the viscera. 
Thus, with the second use of live vaccine, apparently the less marked the 
immunological background due to prior inoculations (longer interval between 
immunizations), the higher the residual virulence of vaccine bacteria and 
administered dose of the agent, and the more distinct the manifestation of 

the revaccination effect. Unlike live vaccine, the "chemical" vaccine elicited 
a marked revaccination effect in virtually all animals that came out of a 
refractory state. This effect consisted of intensified immunoglobulin production, 
larger immune stratum and more intensive immunity. The latter ensues from the 
following data (Table 3): FI antigen in oily adjuvant used to revaccinate 
vuinea pigs inoculated with live vaccine stimulated production of a significant 
amount of protective antibodies and increased intensity of immunity by more 
than a factor of 10%. 


Analysis of the above experimental data leads us to conclude that the task of 
increasing the intensity of immunity to plague’ produced by Live vaccine and 
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maintaining it at the proper level for a long period of time cannot be solved 

by using multiple inoculations of live EB vaccine in the usual doses, because 
when using live vaccine, due to its poor adaptation in an immune organism, it 
is difficult to induce manifestation of the revaccination phenomenon--an ade- 
quate antigenic stimulation. This problem can be solved by using either 
"chemical" vaccine for revaccination, which has been confirmed in these 

studies, or a combination prepared on the basis of live EB vaccine with addition 
of purified proteccive antigens, one of which is FI. The efficacy of such a 
vaccine was demonstrated in the studies of Shmerkevich [15, 16] and Dal'vadyants 
et al. [l]. 


Conclusions 


lL. Inoculation of experimental animals with fraction I of P. pestis with in- 
complete Freund adjuvant 1.5-4 months after primary immunization with live 
vaccine causes development of a marked revaccination effect, which is manifested 
by intensification of immunoglobulin production, increase in the immune 

stratum [number of immune animals?] and in intensity of immunity. 


2. Use of EBlive plague vaccine for revaccination provides insignificant 
stimulation of immunity due to poor adaptation of vaccine strain bacteria in 
the sensitized rganism. 


3. The pronounced revaccination properties of fraction I show that it is 
promising to conduct experimental work to design a "chemical" vaccine against 
plague, intended tor revaccination purposes. 
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AFLATOXIN ACCUMULATION IN HIGH-HUMIDITY RICE GRAINS 


Moscow PRIKLADNAYA BIOKHIMIYA I MIKROBIOLOGIYA in Russian Vol 28, Nol, 
Jan-Feb 82 (manuscript received 8 May 81) pp 98-103 


L'VOVA, L. S., BYSTRYAKOVA, Z. K., MERKULOV, E. M., KHARLAMOVA, O. A. and 
LEBEDEVA, O. Ya., All-Union Scientific Research Institute of Grain and Grain 
Products, Moscow, and Its Kuban Branch, Krasnodar 


[Abstract ] Laboratory investigations were conducted on aflatoxin formation 

by Aspergillus flavis NRRL 2999 on Krasnodarskiy 424 rice in relation to 
temperature and humidity of storage. The aflatoxin formation commenced at 
15°C, but maximum quantities were formed at 30-35°C and a relative air 
humidity of 90-95% (18-21% grain humidity). Almost 75% of the aflatoxin was 
formed on hulled grein: the concentrations of aflatoxin By reached 25300 ug/ke 
on polished rice, ar. less than 250 pg/kg on rough rice. In the case of the 
rice substrate only aflatoxin By was produced, It appears that prevention 
aflatoxin contamination of rice requires drying the grain in the shortest time 
possible and maintenance of humidity below the level required for A. flavus 
growth, Figures 5; references 9: 3 Russian, 6 Western. 

[230-12172] 


DETERMINATION OF WHEAT RUST RESISTANCE BY DNA/DNA HYBRIDIZATION 


Moscow PRIKLADNAYA BIOKHIMIYA I MIKROBIOLOGIYA in Russian Vol 28, No l, 
Jan-Feb 82 (manuscript received 10 Jul 81) pp 104-110 


BEKHOYEV, I. D., SOLOMATIN, D. A. and BUDNITSKAYA, Ye. .., Institute of 
Biochemistry imeni A. N. Bakh, USSR Academy of Sciences, Moscow; All-Union 
Seientific Research Institute of Phytopathology, USSR Ministry of Agriculture 


[ Abstract ] Nitrocellulose membrane filter technique for DNA/DNA hybridiza- 
tion was employed in a search for molecular differences between stem rust- 
susceptible and resistant varieties of wheat. Studies on 35 varieties of 
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wheat showed an 86% correlation between the molecular studies and data avail- 
able from standard field and laboratory observations, indicating the former 
approach represents a more rapid and convenient method for the evaluation of 
rust resistance, Differences in the DNA nucleotides sequences between the 
susceptible and resistant varieties provide a correlation between immunity and 
genetics at the genome level. Figures 4; references 16: 11 Russian, 5 Western. 
[230-12172] 


STUDIES OF CHANNEL=FORMATION PROPERTIES IN BLACK WIDOW VENOM 


Moscow BIOFIZIKA in Russian Vol 27, No 1, Jan-Feb 82 
(manuscript received 10 Feb 81) pp 72-75 


KRASIL'NIKOV, O. V., TERNOVSKIY, V. I. and TASHMUKHAMEDOV, B. A., Institute of 
Biochemistry, Uzbek Academy of Sciences, Tashkent 


[Abstract] A study was made of the ability of Latrodectus venom to enhance 
cation permeability, using double-layer phospholipid membranes. It was found 
that at pH 7.5 the membranes showed high cation selectivity in the presence 

of the venom. Lowering the pH led to nonmonotonic decline in cation selectiv- 
ity in channels, finally switching to weak anion selectivity at pH 3.5, 
suggesting the involvement of carboxyl groups in determination of channel 
selectivity. Volt-ampere characteristics of the channels were asymmetric 

and slightly hyperlinear. Channel selectivity differed sharply from channel 
selectivity formed by alpha-staphylococcus or algal protein; selectivity 
sequence was Kt> Cact > Sr@+ > Mg@t+ > Nat > Cst = Lit. It is suggested that 
the channel selectivity induced by the spider venom may result from the micro- 
structure of the protein component in the channel with a shift in the 
negatively-charged groups into the "mouth" of the channel under the effect 

of the field and/or phospholipid changes close to the protein molecule. The 
possibility that the venom contains certain negatively charged components that 
block the channels cannot be excluded. Figures 4; references 10: 3 Russian, 

( Western, 


[261-9642 ] 
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EFFECT OF AEROIONS ON DIRECT AND REVERSE MITOCHONDRIAL ELECTRON TRANSFER IN 
STRESS 


Moscow BIOFIZIKA in Russian Vol 27, No 1, Jan-Feb 82 
(manuscript received 11 Feb 81) pp 76-79 


KONDRASHOVA, M. N., GUZAR, I. B., BRECHKOVA, M., OKON, Ye. B. and 
GRIGORENKO, Ye. V. Institute of Biological Physics, Pushchino, Moscow Oblast 


[Abstract] A study was made of the direct and reverse effect of changes in 
electron transfer in mitochondrial respiration in stressed rats and the effect 
of aeroions on these indexes, Experimental animals were immobilized for 2h 
hours and then subjected to the effect of aeroions for 10 minutes; immediately 
afterward direct electron transfer was studied using the polarographic method 
and reverse electron transfer using the fluorometric method. In direct elec- 
tron transfer indexes were determined for added and endogenous succinic acid; 
in reverse transfer determinations were made of the level of restoration for 
pyridine nucleotides supported by succinic acid and tneir lowered levels when 
substances consuming restored equivalents were administered. It was found 
that direct transfer was activated and reverse transfer reduced in stress. In 


oxidation, the acceleration in respiration was even more marked, reaching 
more than 200 percent of the initial level. Aeroionization of subjects 
reversed the stress-induced changes. This is the first time that a rapid 
effect has been seen from moderate therapeutic doses of aeroions, acting to 
normalize electron transfer in the respiratory chain. Figures 2; references: 
6 Russian, 


[261-9642 | 








BIOTECHNOLOGY 


UDC 681.325. 5-181.4:65.011. 56: 663.18 


DESLGN OF AUTOMATED SYSTEMS FOR CONTROL OF TECHNOLOGICAL PROCESSES IN LARGE- 
SCALE MICROBLOLOGICAL INDUSTRY WITH USE OF MICROPROCESSORS 


Kiev UPRAVLYAYUSHCHLYE SISTEMY I MASHINY in Russian No 6, Nov-Dec 81 
(manuscript received 9 Sep 80) pp 133-136 


[Article by Aleksandr Alekseyevich Oprishko, candidate of engineering sciences, 
Artem Vartanovich Babayants, candidate of engineering sciences, Valentin 
Pavlovich Davydov, engineer, Yuriy Grigor’ yevich Kolpikov, engineer, and 

Yakov Asaipovich Khanukayev, candidate of engineering sciences, VNIPI 
"Promavtomatika™ (All-Union Scientific Research and Planning Institute 
"Industrial Automation"), Groznyy] 


[Text ] The stable trend toward increase in capacity per unit of technological 
equipment and intensification of technological processes, which are currently 
observed [1], are attributable to economic factors of development of the means 
ot production, 


fhe appreciably more complex technology, increased territorial decentralization 
and correlation between technological units, establishment of more rigid 
requirements pertaining to protection of the environment from pollution--all 
this implies that there are rather sophisticated, highly reliable control 
systems. Unfortunately, the systems that are based on a single central 
general-purpose computer do not meet the new requirements by virtue of their 
inherent serious flaws. For this reason, it became necessary to depart from 
the traditional structure of ASUTP [automated systems for control of 
technological processes] and change to systems that are partially or entirely 
decentralized in management structure. This became possible thanks to the 
advances in semiconductor technology, which enabled ASUTP developers to use 
new iardware based on microprocessors. The useful qualities of microprocessor 
equipment best meet the requirements of decentralized control systems, 


One of the first hardware complexes (KTS [complexes of technical equipment ]), 
that are functionally complete, comprict and productive enough, is the 

KTS LLUS-2. This is a complex based on microprocessor sets of series K580 and 
K589, which is directed toward constructing decentralizing control systems 
with hierarchic architecture in different sectors of industry [2]. 


The KTS LIUS-2 was used to develop the specifications for an ASUTP for produc- 
tion of protein-vitamin concentrate (PVC) recovered from petroleum n-paratfins. 
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The technological links between stages were executed with a parallel flowchart. 


The equipment for each stage consisted of a group of large similar technological 
units operating in parallel. 


Figure 1 illustrates the structural technological chart for production of PVC 
from petroleum n-paraffins. 
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Figure l. Flowchart for production of feed yeast trom petroleum 
n-paraffins 

















The raw material (highly purified petroleum n-paraffins, trace elements and 
salts) are fed into section fermenters 900 m® in capacity, where the yeast 
mass is cultivated. The obtained suspension successively passes through the 
separation, evaporation, desiccation and extraction departments, in which the 
end products--feed yeast and biological fat--are isolated. The separated cul- 
ture fluid is directed for biological purification. 


With resepct to software, large-scale production of PVC from petroleum n- 
paraffins consists of nonuniformly scattered sources and receivers of informa- 
tion over an area of about 3 km*. In essence, they are concentrated within 
the production areas according to technological stages. The technological 
units have 20 to 100 monitoring and control parameters. There is up to 

5000 sources and receivers of information in all for the entire plant. 


lt is convenient to use this industry as an example to discuss the main prin- 
ciples involved in constructing distributed systems foi the control of 
non-continuous biotechnological processes. 


Profit is usually taken as the ultimate function of control for this type of 
industry: 
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where W; is wholesale tactory price, 0; is annual output and Ez are 
operating expenses, 


The additivity of the expression for end function enables us to break down the 
overall criterion into several local criteria according to production stages 
and different technological units. A correct breakdown guarantees lack of 
contraction in local and overall control criteria, which makes it possible 

to operate a decentralized system in parts, thus iowering the initial capital 
investment. First of all, the parts of the control system can be started up 
that are instrumental in eliminating the "weak points" of production, yield 
the maximum economic effect and short pay-off period. 


As a result of breaking down the overall criterion, one can single out three 
groups of control tasks: control of one unit, control of a group of similar 
units (technological stage) and control of production as a whole. 


In accordance with such distribution of tasks, the control system must have 
three hierarchic levels. 


At the next stage of developing the system, it is imperative to solve two main 
problems tirst of all: distribution of system functions among control instru- 
ments and choice of system architecture. 


There may be many solutions to both of these problems for each specific product, 
and they differ in cost, functional viability, flexibility, speed of operation, 
etc. Unfortunately, we do not have a formalized method of screening the 
solution variants at the present time, because there is no generalized 

criterion for assessing the degree of conformity of an ASUTP to the set goal. 
For this reason, when screening variants, one uses the heuristic method based 

on comprehensive evaluation of the features in execution of equipment for 

the technological process, degree of territorial decentralization of sources 

and receivers of information, with due consideration of the system's operating 
characteristics, cost restrictions, etc. 


The decentralization principle proposes to make the following separation of 
functions imposed on the ASUTP [2]: technological channel, i.e., the specific 
function is referable to a smaller section; according to modes of equipment 
operation; according to duration of interval for a specific function. 


The following general requirements must also be met: required speed of operation 
and specific time for system reacti n to interruptions; physical feasibility. 


The typical distinctions of biotechnological processes is the relative inde- 
pendence of operation of technological units within each technological stage. 
This is the objective basis for distribution of functions on the first 

control level among control instruments according to technological tag [sign], 
i.e., monitoring and control functions for each unit should be implemented 

by a separate microprocessor complex (MPC), containing a microcomputer 
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and set of peripheral equipment for communication with the controlled process 
[object] and superior control level, 


If there are too many technological units in a group or they are scattered over 
a large area, it is expedient to break them down into [smaller] groups, and 
from each to feed information to separate operator consoles, The number of 
units connected to one console is determined by the permissible sensory load 
per operator, 


Operator consoles are assembled from the KTS LIUS-2 nomenclature, and they 
consist of the following: microcomputer, multifunction color display, operator's 
panel and, if necessary, recording device. The microprocessor on the operator's 
console controls multiplex exchange of information with the MPC of the unit 
subgroup, and it also effects the communication algorithms with the operator 
and next higher control level. 


The functions of the second control level involve many calculation operations 
and require high-speed operation and considerable storage in the general- 
purpose computer. The minicomputers of the future SM EVM series meet these 
specifications. 


Large-scale production in the microbiological industry has a complex structure 
of information flow. All of the information circulating in the system is 
divided into production-statistical and operational, and great demands are 
made of it with regard to delivery time. Accordingly, it is also expedient 

to separate the hardware on the third control level: one can use the SM EVM 

to etfect gathering, processing and delivery of information to a plant 
dispatcher and run algorithms of operational-dispatcher control on a real 

time scale to the greatest effect, but it is convenient to use the YeS EVM 

for accounting-statistical and economic problems. There should be automatic 
exchange of information between them via a special communication channel. 


In such a structure, the minicomputer processor performs the functions of 

a communication [linkage] processor, controlling the channels of communication, 
primary processing and compressing [reducing] information, which makes it 
possible to relieve substantially the main YeS EVM processor. 


After meeting the functional requirements of the system, one must select 
the optimum architecture based on one of the following schemes: star, circle, 
trunk line, network, tree. 


The parameters of functional viability of the system, as well as expenses for 
cable production, depend largely on the proper choice of architecture. 


In flexible structures, there are features inherent in both centralized and 
distributed systems. For example, in the separation suop, all of the techno- 
logical units are concentrated in a small area, and there is an insignificant 
number of parameters measured and controlled for each of them. Taking this 
into consideration, it is expedient to increase somewhat the degree of 
centralization in the system for control of the separation shop, by connecting 
several separators to each MPC. This provides a gain with regard to expenses 
for equipment, with negligible loss of system quality. 
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Figure 2. Flowchart of three-level system for control of feed yeast 
production from petroleum n-paraffins 


In order to shorten the needed connecting cables, the control MPC should be 
located as close as possible to the technological units that they control. 
There is no need for information links between MPC's, since the units operate 
independently of one another. 


This approach was used to develop the ASUTP for production of feed yeast at 
the Mozyrskiy Plant. The flowchart is illustrated in Figure 2. 


This system has a"tree" and three hierarchic levels of control. The desirabi- 
lity of such a structure in the ASUTP is also confirmed by its analogy to the 
organizational structures for control of industry, which had been developed 
for many years. 





The first (bottom) level is based on a decentralized circuit with micropro- 
cessors for technical units. Each MPC is a microcomputer consisting of a 
microprocessor, internal storage, PPZU [sequential-access memory unit?] and 
set of functional elements for communication with controlled process and 
operator console, combined in an intrablock interface line. 


Information about the progress of a technological process is delivered to 
two operator consoles. Each console is linked with its MPC group by a 
common OM1 or OM2 line [trunk line?]. The console of the technologist-operator 
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is equipped with a specialized keyboard,multifunctional color display and 
recording device, 


Upon detection of emergency [accidental] deviations of parameters, at the ini- 
tiative of the MPC the information is immediately relayed to the operator 
console, where it is presented on a display and recorded. Upon interrogation 
by the operator, the information is displayed in an orderly format, in the 
form of tables, charts and segments of mnemonics, 


The second control level has minicomputers withastandard set of peripherals, 
Since the functions on this level involve many calculations and require 
considerable speed and memory in the general-purpose computer. 


The systems for control of stages of separation, evaporation, drying and extrac- 
tion have an analogous structure--decentralized control for the units, with 
centralized control for a group of units. 


It should be noted that the systems for control of the different techuological 
Stages do not execute all of the functions of the first control level to the 
full extent, but only with regard to the specific problems that are being 
solved in the systems. 


All ot the above sy items are connected by a system of operational-dispatcher 
control ot feed yeast production; this is the third control level, the 
tunctions of which are performed by minicomputers, 


This structure has the following features: the element of the top level is 

a command element in relation to lower level elements, and the decision they 
make coordinates their action in accordance with the objective of control; the 
period for decision making is longer for top level elements than lower level 
ones; the controlling actions originating from a higher element cannot be 
more frequent than the actions fed to lower elements, whose behavior it 
coordinates. 


A malfunction of some system element does not disrupt the operation of the 
other elements. 


The software becomes simpler and more visible. Since the technological units 
of one stage are identical, it is sufficient to develop and adjust the 

software to control one unit, then record it in the permanent memory unit of 
all MPC of the stage before starting the system. The software can be readily 
modified throughout the period of Operation of the system. Overall productivity 
of the system can be increased relatively simply by connecting additional 
MPC's. 


This system structure will be introduced in 1982, 
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EN VI RONMENT 


UDC: 574.58 


MEANS OF INCREASING PRODUCTIVITY OF COASTAL BIOCENOSES OF SEA AND 
ADJACENT BASINS 


Moscow RYBNOYE KHOZYAYSTVO in Russian No 7, Jul 81 pp 42-44 
[Article by A. D. Goncharov, Odessa Union of Fishery Kolkhozes] 


[Text] In view of the reduction in natural stock of some commercial maritime 
species, the question of making wiser use of the biological resources of the 
coastal region of the Black Sea and limans [shallow estuary regions] is 
gaining special importance. 


One of the means of increasing productivity of coastal biocenoses of the sea 
and limans is to develop controlled maritime farms for breeding certain 
species of fish and invertebrates. 


In 1974, a team of divers was formed at the Odessa State University to study 

the structure of biocenoses off the coast of Odessa and in Dzharylgachskiy 

Bay, as well as distribution of "rapana" [salt-saturated waters?] along the 

coast of the northwest part of the Black Sea--in Dzharylgachskiy and Tendrovskiy 
Bays, in the region of Odessa, on the banks of the Dnestr and Shagan. At the 
same time, observations were pursued of goby behavior in their natural habitat. 


The researchers concluded that it is possible to breed some goby species in 
open type maritime fish farms. 


The principle involved in raising gobies is based on their distinctive ecology. 
Gobies prefer a firm bottom with developed surface, which they use as 

habitats and spawning substrate. The natural spawning substrate can be well- 
replaced with an artificial one. 


Studies pursued in 1976-1979 revealed that an artificial substrate (motor 
vehicle tires) is actively populated by fish. By virtue of its large surface 
area, it provides good living conditions for various hvdrobionts, including 
spawning of gobies and feeding of young fish. 


The Odessa Union of Fishery Kolkhozes was concerned with organizing an experi- 
mental goby farm to restock this species in the Dnestr liman. The Fishery 
Kolkhoz imeni P. P. Shmidt, in the southeastern part of the Dnestr liman 

took on the organization of such a farm. 
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An artificial reet made up of tires tied together was placed at a depth of 
O0.9-1.5 m on sandy and mud-sand ground. The reef was 30 m wide and 150 m long. 
lt was perpendicular to the shore. A total of 1000 worn, unusable tires 
served to construct the reef. As shown by observations, no shifting of the 
tires was observed due to turbulence of the sea or currents. Nor did they 
become covered by slime [mud] or sand. The reef is flushed intensively by 

the current, 


Every since the reef was installed, population thereof with fish was monitored. 
A comparison of the species composition of fish that settled on the reef and 
inhabit the liman was made on the basis of catches taken near the reef, at a 
distance of 200 m away. The fish were caught with small trawls, fine-meshed 
willnets, stationary trap nets [built on hoops, with net walls] and goby traps. 


the species composition of tish in the reef zone did not differ from that of 
parts of the liman far away trom it. There were mainly sand gobies, round 
gobies [Neogobius melanostomus], whip gobies [Mesogobius batrachocephalus], 
rufous [brown?] gobies, Neogobius syrman, pike perch, sea perch, roach, 

white bream, bullheads and pike. However, there was a considerably higher con- 
centration of fish on the reef than in the control section. 


The density of gobies on the reef in che spawning period is 160 times greater 
than in a remote part of the liman. From June to October, there was a 3-5-fold 
increase in quantity of roach, pike perch of the current year's brood and 
yearlings, whose stomachs were filled with young gobies; in October to January 
there was an appreciable increase in quantity of pike who feed on young roach 
and white bream. There was accumulation of current year's brood of bullheads 
from the beginning of August to the end of October. 


Concurrently, observations of goby spawning were pursued in the region of the 
reet. Eggs of sand gobies were found on the 80 control tires installed on 

20 April. By 8 May, there was an increase in intensity of spawning. Any dense 
artiticial substrate placed on the bottom was covered with egg masses, 


The height of sand goby spawning was referable to the period from 8 May to 

10 June. It occurred mainly in the daytime, from 1000 to 1700 hours. The roe 
matured to the "ocellus" [eye] stage within 7-8 days and to the hatching stage 
within 10-12 days (water temperature 20-22°C). Spawning of round gobies started 
on 15 June, and it was less intensive than for the sand goby. By 20 August, 
goby spawning had stopped entirely. 


The masses of goby eggs are elliptic in shape. The area thereof ranges from 
840 to 2270 cm* per tire, constituting a mean of 1200 cm*. Laying density is 
33.2 eggs/cm*. There was an average of 40,000 eggs per tire. Survival to the 
hatching stage constituted 97% of the eggs, with at least 90% yield of try. 
Loss of eggs from the "clutch" protected by males is attributable to incomplete 
fertilization and partial consumption by sand hoppers. Unprotected clutches 
are entirely consumed by other goby males. 


The effectiveness of goby spawning on the reef can be calculated by using a 
formula that we propose: 


41 














mna9 
“ 10 
where /™ is mean quantity of eggs per tire, n is number of tires during intensive 
spawning period and 0 is the number of periods of complete incubation of roe 
during intensive spawning. 


According to our estimates, M = 27 million goby fry. 


Atter hatching, the fry concentrates in the reef zone, where it finds shelter 
and feed among the tires overgrown with hydroids and zebra mussels. There 
are also many small worms, Ostracoda [minute crustaceans], leeches and midges 
{[Chironomidae] inhabiting that area. 


At the age of 10-12 days, the goby fry abandons the reef and settles in the 
adjacent Liman waters. 


Thus, these studies revealed that a reef made of tires is a highly productive 
biotope. The profusion of parasites [overgrowth of other material] and necto- 
benthos provides the necessary feed base for gobies and benthophages that 
settled on the reef. The large area of the reef surface provides the necessary 
spawning substrate for gobies, which is many times more effective than the 
natural one. 


The reef zone is a place of intensive feeding [grazing] of pike perch, for 
which young gobies are a feed component. 


Expansion of the reef area (to 10,000-15,000 tires) will make it possible 
to augment significantly the quantity of gobies in the Dnestr liman, as well 
as to create an additional feed base for pike perch, make more effective use of 
liman resources, open up commercial fishing of the sand goby, which is 
extremely valuable for its gustatory qualities. 
COPYRIGHT: Izdatel'stvo "Legkaya i pishchevaya promyshlennost'", 

"Rybnoye khozyaystvo", 1981 


L0,657 
CSO: 1840/267 


ho 











UDC: 577. 391:577.41 J46 
DISTRIBUTION OF 2°sr ana +3!cs AMONG SWAMP-RIVER ECOSYSTEM COMPONENTS 


Sverdlovsk EKOLOGIYA in Russian No 2, Mar-Apr 82 
(manuscript received 11 Jun 61) pp 45-49 


MOLCHANOVA, I. V., KARAVAYEVA, Ye. N., CHEBOTINA, M. Ya. and KULIKOV, N. V., 
Institute of Plant and Animal Ecology, Urals Scientific Center, USSR Academy 
of Sciences 


[Abstract ] This work reports on a radioecological study of one area of a 
Swamp-river ecosystem located 5 km to the southeast of the Beloyarsk Nuclear 
Powerplant in the Central Urals. It includes a watershed and the flood plain 
of a small river. Samples of water and bottom deposits of silt, sand and peat 
were collected in 1978 and studied for content of the radioactive isotopes. 

It is concluded that the dumping of waste water by the powerplant into the 
swamp has not resulted in a significant increase in the content of 99Sr, How- 
ever there is some increase in the content of 13!cs in the swamp, by a factor 
of 10 to 100, though still two orders of magnitude below the maximum permis- 
sible concentration for drinking water. Figure 1; references 9: 8 Russian, 

1 Western, 


[226-6508 ] 
UDC: 582.271:577. 391 


INFLUENCE OF THERMAL STATE OF BODY OF WATER ON HYDROPHYTOCENOSES 


Sverdlovsk EKOLOGIYA in Russian No 2, Mar-Apr 82 
(manuscript received 10 Jun 81) pp 49-55 


MARCHYULENENE, D. P., DUSHAUSKENE-DUZH, R. F., MOTEYUNENE, E. B., 
TRAYNAUSKAYTE, I. Yu. and NYANISHKENE, V. B., Institute of Botany, Lithuanian 
Academy of Sciences 


[Abstract] A study is presented of the influence of heated water discharge on 
aquatic vegetation and its predominant formations in a cooling reservoir used 
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by a Lithuanian regional electric powerplant, Levels of accumulation of 90s 
137cs, 244ce ana 10pp by plants and soils are determined as a function of 
temperature, and the effect of elevated temperature on the algae Nitellopsis 
obtusa is determined, The experiments showed that immediately after cells were 
placed in heated water their protoplasm mobility increases. However, after 
longer exposure (about 10 days) the protoplasm mobility decreases sharply in 
some cells or stops entirely, indicating death of the cells. Model experi- 
ments indicated that increasing the water temperature to 25-29°C had little 
influence on accumulation of 2%Sr and 13%cs in algae and macrophytes. Accumu- 
lation of 14h Og in aquatic plants was somewhat increased by higher temperatures. 
The toxic effect of heavy metals on hydrobionts is increased by higher water 
temperatures. The number of major plant formations in heated water was 

reduced from 11 (in natural water) to 6. 59 species of macrophytes were 
reduced to 26, The same plants predominated in both cases. Heated water has 

a negative influence on most types of aquatic plants, particularly those with 
floating leaves and Characeae. Myriophylleta spicati and Ceratophylleta 
demersi as well as Potamogeton perfoliati developed better and formed larger 
masses in heated areas. References 21: 17 Russian, 4 Western. 
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UDC: 599. 322.2:591.5( 479) 
BIOLOGY OF CITELLUS MUSICUS (RODENTIA, SCIURIDAE) IN CENTRAL CAUCASUS 


Moscow ZOOLOGICHESKIY ZHURNAL in Russian Vol 61, No 3, Mar 82 
(manuscript received 25 Feb 81) pp 419-427 


YEMEL'YANOV, P. F., VAGNER, I. K., KARMOV, A. M., TITOV, E. K., IVANOVSKIY, 
V. Ve, and VASIL'YEV, N. N., Scientific Research Anti-Plague Institute of the 
Caucasus and Transcaucasus, Stavropol'; Kabardino-Balkarskaya Anti-Plague 
Station, Nal'chuk 


[Abstract] Observations performed in 1973-1977 and in 1979-1980 in the terri- 
tory adjacent to the Chegem River Valley have provided additional information 
on the biology of Citellus musicus, the primary carrier of plague in the 
Elbrus River area, The age and sex composition of the population is charted 
for the period of 1974 through 1977, showing an overall decline in the popula- 
tion of mature males and females, with an increase in the number of juveniles 
observed. The seasonal dynamics of animal activity are studied as well as 
diurnal patterns and intraspecies relationships. Observations made during 
1972-1980 show that the plague epizootic process was continuous with no inter- 
ruptions except for the winter season when the primary carrier is dormant. 
Figures 4; references 16( Russian). 
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UDC 616,981.51-02 
CHARACTERISTICS OF ANTHRAX BACILLI ISOLATED FROM SOIL 


Tashkent MEDITSINSKIY ZHURNAL UZBEKISTANA in Russian No 3, Mar 82 
(manuscript received 24 Sep 81) pp 46-48 


RAKHMANOVA, Kh. U., ZAKHAROV, V. B., SABIROVA, G. Sh., ANTONOVA, L. Ye., 
ADYLOV, D. Aw, KADYROV, A. M. and KHAKIMOV, N. A., Republic Sanepid Station, 
Uzbek SSR Ministry of Health; Uzbek Scientific Research Institute of 
Epidemiology, Microbiology, and Infectious Diseases 


[Abstract ] Investigation of 1836 soil samples from grazing lands in areas with 
known cases of anthrax resulted in the isolation of typical anthrax bacilli 
from 20 such samples (1:1%): 18 strains were isolated after infection of white 
mice and 2 by strictly bacteriologic procedures. The isolated strains were 
susceptible to a number of commonly-employed antibiotics. The study demon- 
strated that biological testing of soil samples, in combination with immuno- 
fluorescent antibody techniques and the pearl necklace test, is the most 
successful approach to the isolation and identification of anthrax bacilli 

from suspected soils. 

[250-12172] 


UDC: 599.4:591.9(581) 
REGIONAL SPECIFICS OF AFGHANISTAN BAT FAUNA 


Moscow ZOOLOGICHESKIY ZHURNAL in Russian Vol 61, No 4, Apr 82 
(manuscript received 26 May 80) pp 585-592 


NERONOV, V. M. and ARSEN'YEVA, L. P., Institute of Evolutionary Morphology and 
Ecology of Animals, USSR Academy of Sciences, Moscow 


[ Abstract ] Afghanistan has a great variety of natural conditions. It includes 
ll natural regions of relief, climate and vegetation. In all, 39 species of 
chiroptera are known in Afghanistan, belonging to 17 genera and 6 families. 

A table lists the species, which are in the families, Rhinopomatidae, Emballo- 
nuridae, Rhinolophidae, Megadermatidae, Mollosidae and Vespertilionidae, 
Studies of the chiroptera of Afghanistan have emphasized the transitional 
nature of ecologic conditions and the specifics of formation of the animal 
population of a given natural region. Additional materials must be collected 
to determine the positions of the biogeographic boundaries of the species. 
Since all of the rodents and chiroptera provinces of Afghanistan extend into 
the territory of neighboring states, cooperative analysis of the various groups 
of animals and improvement of biogeographic regionalization of the entire 


area on a multinational basis is required. Figures 2; references 26: 
4 Russian, 22 Western. 
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MEDICAL DEMOGRAPHY 


UDC 616,5-006.04(47+57) 
CUTANEOUS MALIGNANCIES IN THE USSR 
Leningrad VOPROSY ONKOLOGII in Russian Vol 28, No 3, Mar 82 pp 9-13 


MERABISHVILI, V. M., KOCHNEV, V. A. and SEROVA, L. S., Order of the Red Banner 
of Labor Scientific Research Institute of Oncology imeni Prof. N. N. Petrov, 
USSR Ministry of Health, Leningrad 


[Abstract] The statistics of cutaneous neoplasia in the USSR were reviewed, 
which showed that such cancers are third in the incidence of all the malig- 
nancies in the USSR (after gastric (lst), and pulmonary (2nd)). The highest 
incidence of skin cancer is enountered in Estonia (30.6%), Ukraine (28.52), 
Latvia (25.3%) and the RSFSR (24.0%), while the lowest figures apply to the 
Transcaucasian and Central Asian republics. The overall morbidity for this 
form of cancer for the USSR increased from 20.1% in 19/0 to 22.2% in 1977, 
while the mortality for the corresponding period of time doubled. Figures 2; 
references 10: 2 Western, 8 Russian. 


[228-12172 ] 


UDC 616.988, 21-084 .47(571. 56) 


MANAGEMENT OF RABIES CONTROL PROGRAM IN YAKUT ASSR DURING ERADICATION OF 
ECDEMIC RABIES 


Moscow ZDRAVOOKHRANENIYE ROSSIYSKOY FEDERATSII in Russian No 8, Aug 81 
(manuscript received 25 Dec 80) pp 23-25 


PETROV, P. A., VEGOROV, B. A. and CHERNYAVSKIY, V. F., Yakut ASSR Ministry 
of Health 


[Abstract ] A brief survey is presented of the measures employed in Yakutia 

to control and prevent outbreaks of rabies. The steps taken include a careful 
epidemiologic work-up and mapping of cases, public education, strict enforce- 
ment of laws pertaining to veterinary survey of domestic animals and monitoring 
or wild animals, and prophylactic treatment of the at-risk individuals, with 
vaccines and immune gamma globulin. 

[252-12172 ] 
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IMMUNOLOGLC SURVEY FOR BRUCELLOSIS IN ANGREN 


lashkent MEDITSINSKIY ZYURNAL UZBEKISTANA in Russian No 3, Mar 6&2 


a4 


(manuscript received 16 Feb 81) pp 62-63 


GALKO, I. K., candidate of medical sciences, Municipal Sanepid Station, Angren 
[Abstract ] Epidemiologic studies were conducted on the urban population of 
Angren (Uzbekistan) to determine prevalence and immunity against brucellosis. 
Passive hemagglutination tests revealed that the 6160 individuals examined 
306.7% of those employed in meat processing were positive, 27.1% of those 
residing in areas with cattle brucellosis, 20.2% of the individuals who owned 
cattle, 9.4% ofthe dairy workers, and 2.1% of residents not engaged in any man- 
ner with the cattle industry. Of the meat workers and residents in areas with 


cattle brucellosis 9.2% and 6.5% presented with chronic brucellosis, respec- 


tively; the corresponding figures for individuals in these categories present- 
ing with clinical complaints characteristics of brucellosis were 15.3% and 
14.3%. 

[250-12172] 











MEDICINE 


UDC: 612.017.11+616-002 .3+547.458.1:616-033.725 


ENHANCEMENT OF NONSPECIFIC ANIMAL RESISTANCE TO INFECTION BY POLYSACCHARIDE 
COMPLEX OF PLANT ORIGIN 


Moscow ZHURNAL MIKROBIOLOGII, EPIDEMIOLOGII I IMMUNOBIOLOGII in Russian No 5, 
May 82 (manuscript received 2 Nov 81) pp 89-94 


[Article by A. I. Goncharov, Khar'kov Medical Institute] 


[Text] Researchers are devoting increasing attention to the problem of effec- 
tive treatment of diseases caused by pyogenic staphylococci and Gram-negative 
bacteria (Bacillus pyocyaneus, E. coli, Klebsiella and others), because of 
their increasing role in human pathology. These microorganisms are widespread 
at this time, they are notable for great adaptability to environmental factors, 
natural or acquired resistance to antibiotics. The diseases that they cause 
are called "opportunistic infections" by some authors, which "flourish under 
conditions of civilization" [15]. They owe their appearance to attenuation 
of immunological reactivity of the body under the influence of burns, surgical 
interventions and various medical procedures, wide and unwise use of antibiotics 
and hormones that have immunosuppressant effects. It is known that even highly 
effective agents against infection do not reach their end goal without the 
direct involvement of protective mechanisms of the body [l, 3, 9, 11]. 


Agents capable of stimulating nonspecific resistance reactions acquire much 
importance when there is low systemic resistance. Such agents include lipo- 
saccharide and polysaccharide complexes recovered from Gram-negative bacteria 
[4, 6], yeast [7], Actinomycetes [5], as well as ribonucleic acid preparations. 


Polysaccharide complexes of plant origin have a broad spectrum of biological 
activity, like the agents listed above [10, 12-14]; however, they have still 
not found application in clinical practice, due to the difficulties referable 
to technology of producing them, studies of spectrum of biological activity 
and standardization. 


Our objective here was to test the effect of a complex nolysaccharide of plant 
origin on development of nonspecific animal resistance to staphylococcal 
and B. pyocyaneus infection. 


Material and Methods 


We made an experimental study of the biological activity of a stimulator of 
plant origin, which consisted of a complex of polysaccharides and trace 
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elements. The product contained no protein. This agent is superior to 
bacterial polysaccharides in that it has low toxicity. Acute toxicity was 
determined according to Kerber on mongrel white mice weighing 16-18 g, albino 
rats weighing 1L00-110 g and ll-day chick embryos. For mice, LD,, constituted 
647 mg/kg and LD, 99 1180 mg/kg; for rats the figures were 750 and 1500 mg/kg, 
respectively. Doses of 5 to 30 mg were found to be nontoxic to embryos. To 
determine the biological activity of this complex, we tested its effect on 
development of nonspecific resistance to infection on the model of staphylo- 
coccal and pyocyanic infection. The product was given via different routes 
to mice weighing 16-18 » in doses of 2-10 mg and 1-10 days later they were 
infected with a lethal dose of 24-h culture of pathogenic staphylococcus 
(strain 456) or B. pyocyaneus (strain 11). One MLD of Staphylococcus culture 
consisted of 500 million bacterial cells in 0.4% thin agar, and for B. pyo- 
cyaneous it constituted 50 million bacterial cells in saline, which were 
injected intraperitoneally in a volume of 0.5 m%. Under these experimental 
conditions, the mice developed a severe, generalized septic process, as a 
result of which 60 to 100% of them expired within 1-10 days. 


We assessed efficacy of the complex according to survival and, in the case of 
staphylococcal infection, also by intensity of contamination of viscera and 
blood of experimental and control animals. Reliability of differences between 


experimental and control groups of animals was determined by means of the x? 
criterion [2]. The differences were considered reliable with x? = 3.74 
(P<0.05). 


Results and Discussion 


In preliminary experiments, we tested different doses of the complex when 

viven intraperitoneally and animals were infected 48 h later. The results 
revealed (Table 1) that parenteral injection of the complex, already in a 

dosage of 500 pg/mouse, was associated with development of nonspecific resistance 
to staphylococcal infection, and with increase in dosage to 2, 5 and 10 mg/ 
mouse the survival rate constituted 73.3, 80 and 88%, respectively. 


























Table l. In the next experiments, differ- 
Ettects ot different doses of complex on ent doses of the complex were 
mouse Survival after septic staphylococcal given intraperitoneally, intra- 
infection muscularly and subcutaneously, 
; once or three times. Stimulated 
| Survival animals were infected 1, 2, 3 and 
Dosage P 
| i 5 days later. 
abs | % | x 
100 Lig 4/15} 26,6 | 0,83] >0,1 The results of these experiments 
300 HG 8/15 | 53,3 | 5,4 | <0,05 (Table 2) revealed that survival 
1000 Ug 10/15 | 66,6} 89 | <0,01 sed ; eo ; = 
2mg 1/15! 73°31 11 | —<010C: of experimental animals consti 
5 mg 12/15; 80 | 13,3 | <0,001 tuted 80-93.3% after single 
10 mg 22/25] 88 | 21,7 | <0,001 intraperitoneal injection of the 
: complex in a dosage of 2 mg, l, 
Contre. 215] 13,3 2, 3 and 5 days before infection, 
whereas 70-90% of the control 
Note: Numerator--number of surviving mice; animals died. Single injection 
denominator--number of mice in test of the agent in doses of 5 and 
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10 mg was also associated with development of high resistance to staphylococcal 
sepsis, protecting 80-95% of the experimental animals, against the background 
of 80-100% death among the controls. High resistance developed in mice under 
the influence of the complex polysaccharide as early as 24 h after administra- 
tion, and it persisted for at least 5 days. 


Table 2, Effect of polysaccharides on survival of mice after staphylococcal 
infection 





Survival at different times after giving complex 





Dosage, mode and 












































frequency of ad- 24h 48h 72h § days 
ministering agent} abs| 4 | x | abs| % | y | abs] x» | abs| y% | x 
2mg IP (intraperi- 
toneally) 
once 14/15] 93,3 14 | 12/15] 80 11,7 | 14/15] 93,3 11 12/15] 80 6,25 
Control 2/10| 20 1/10] 10 3/10| 30 3/10} 30 
Pp <0,001 <0,001 <0,001 <0,01 
| mg IP once 12/15] 80 13 |14/20] 70 20,6 
Control 2/15} 13,3 0/10 0 
p <0,001 <0,001 
10 m tP once 9/10} 90 7,7 119/20] 95 21 9/10} 90 16,9 | 9/10] 90 7,7 
Contro 1/5 20 1/10 10 0/5 0 1/5 20 
- P <0,01 <0,001 <0,001 <0,01 
oo 
omg, Subcutaneously, 4/10] 40 | 0,95 8/10} 80 | 7,2 
Control 2/10} 20 2/10} 20 
p 0,1 0,01 
10 ma IP 3 times 17/20 85 22 17/20] 85 11 19/20 95 28 
Control 2/20 10 3/15} 20 2/20 10 
P <0,001 0,001 <0,001 
10 mg intramusc. 
3 times 15/20 75 17 16/20 80 12 15/20 75 17 
. /20 0 /\ 20 2/20| 10 
‘ | 








Note: Numerator--number of surviving animals; denominator--number of 
infected animals. 


Three intraperitoneal jnjections or intramuscular injection of the agent 1-5 
days before infectionwere aiso associated with development of high resistance, 
protecting 75-95% of the experimental animals from death, versus 80-90% death 
in the control groups. 


Subcutaneous injection of the agent was found to be less effective. 


When staphylococcal infection was produced in mice by means of intraperitoneal 
infection, we usually observed generalization of the process with formation of 
pyemic sites in the kidneys, liver and mesentery. Special in vitro experiments 
with staphylococcus cultures demonstrated that the preparation had no anti- 
bacterial activity. Consequently, the agent exerted its influence on develop- 
ment of resistance via the protective and adaptive reaccions of the organism. 


Considering the above-mentioned distinctions of effects of the complex on 
animals, we conducted macroscopic and bacteriological studies of blood and 
viscera of experimental and control animals that survived for 10-12 days after 
infection. 








Table 3. These studies revealed (Table 3) 




















Macroscopic and bacteriological studies that many pyemic sites were con- 
of viscera and blood of experimental and sistently demonstrable in the 
control animals liver and particularly the kidneys 
—— —— ow, and spleen of surviving control 
“a. on ad ’ animals, Not infrequently, the 
Animale ; 38 Bo spleen and kidneys were fused by 
sie spleen ™?20"" 2 SS the same pyemic focus. Control 
ee : tery | %4.Q0 animals lost weight and were 
listless. In cultures and 
Experimental | 8/27} 8/27 6/27 | 3/26 impression smears of organs from 
— control animals, we consistently 
Control 7/8 8/8 8/8 4/8 found overall growth of staphylo- 
= —_ cocci. These studies were in- 
p <0,01! <0,001 | <0,001 |<0,02 dicative of intensive development 
of a septicopyemic process, Un- 











like control animals, in most 
experimental ones we failed to 
demonstrate formed suppurative 
sites, and in a few cases (less 
than one-third), they were 
demonstrable in the form of isolated fine foci. Cultures of organ material 
(impression smears) revealed growth of staphylococci in the form of isolated 
colonies. Blood cultures were positive in 50% of control animals and only 
11.5% of experimental ones. 


Note: Numerator--number of mice with 
pyogenic sites in organs and positive 
blood culture tests. Denominator-- 
number of animals submitted to necropsy 


Table 4. Effect of single injection of different doses of the agent on mouse 
survival after pyocyanic infection as related to route of adminis- 
tration (5 and 10 mg/mouse with parenteral injection and 20 mg/mouse 
when given by mouth) 
































Mouse survival at different times after complex 
Dose Route 24 n 48 h 72h 5’ days 10 days 
labs [%| abs | % | x abs|% | x abs | % | x! abs |% | 
IP 11/20] 55] 8 18/20 | 90 22 | 16/20/80] 10} 16/20/80] 12] 9/10} 90] 16 
Cc 1/15] 6.6 3/20} 15 2/10} 20 4/20] 20 0/90] 0 
5 mg IM 8/10] 80 |7,2) 6/10] 60] 3,3) 4/10/40] 2,4) 7/10] 70/10,7) 7/10] 70)}7,5 
C 2/10] 20 2/10) 20 1/10} 10 o/io} Oo} | isiotto 
aD. 0/10} O 7/10} 70 |10,7] 9/10/90/12,8) 9/10} 90/12,8) 2/10] 2010.3 
0/10] 0 0/10! O 110110 1/10/10 1/10} 10 
IP 13/28 }46,4)8 8) 22/28 |78,5) 14 | 26/28 [92.8] 14 119/20)951 25) 9/10] 90] 11 
. Cc v'i3} 0 2/13 115.3 6/15 140 0'10}40 0/5 0 
10 mg IM.. | S/i0] 80113 | 8/10} 80113] 9/10] 9012.8) 7/10) 70! 7,5) a/tol 40lo.¢ 
Cc | osiol oO 0/10] 0 1/10] 10 1/10} 10 i/o} io] | 
HD. ed 0,3 he 78 27 | 16/20/80] 10 | 16/20) 80] 10 | 17/20) 85] 12 
: 2/10} 2 0/10 2/10;20 2/10} 20 2/1 2 
20 mg PO. 5720 | 25 13,0) 4/20] 20] 2,3) 10/20/50] 4,5] 6/20] 30 13,75 -™ 7” 
S | 0/10 | 0 0/10} 0 1/10} 10 0/10} 0 












































Note: Numerator--number of surviving animals; denominator--number of 
infected animals. 

Key: IP) intraperitoneal injection HD) hypodermic injection 
C) control PO) per os 
IM) intramuscular injection 











Table 5, 
Effect of 3 injections of agent in a 
dosage of 10 mg/mouse on survival after 
pyocyanic infection 






































m1 e Survival after 
29 | giving the complex 
I | Animals intra- intra- 
y Ou | periton. | muscularly 
Gag _ jabs |%|x*| abs | % | 
Experimental} 18/20 |90 |31 | 19/20 |95 |32 
l 
Control 1/20] 5] --| 1/20] 5] — 
an | ! 
Experim. 18/20 |90 |32 | 13/20 |65 |19 
2 
control 0/20} 0 | —| 0/20} —| — 
Experim. 13/20 |65 |12 | 11/20 155 | 9 
5 — EEE 
| 
Control 220/110 | —| 220}10 | — 























Note: Numerator--number of deaths; 
denominator--number of infected animals 


Study of the effect of the agent in 
a dosage of 5 mg/mouse on survival 
after pyocyanic infection as re- 
lated to route of administration 
revealed (Table 4) that resistance 
developed in the animals as early 
as 24 h after intraperitoneal and 
intramuscular injection of the com- 
plex, and there was appreciable 
increase in survival rate of experi- 
mental animals as the interval 
between administration of the agent 
and infection increased. Resist- 
ance persisted 10 days after 
administration of the product, 

and at this time it protected 90% 
of the experimental animals from 
death when injected intraperi- 
toneally and 70% when given intra- 
muscularly, versus 90-100% death 

of control animals. 


When the agent was given subcu- 
taneously, mouse resistance to 
pyocyanic infection developed after 
48 h and persisted at a high level 
for 5 d.ys, protecting 90% of the 
animals from death, versus 907 
death of control animals. 


Intake of the complex by mouth was less effective than parenteral administration, 
in spite of the fact that the dosage was increased to 20 mg/mouse. 


In the next series of experiments, we tested the effect of different routes of 
administration of the complex in a dosage of 10 mg/mouse on development of 
resistance to pyocyanic infection. The results of these experiments (see Table 5) 
revealed that single intraperitoneal injection of the agent in a dosage of 

10 mg/mouse was associated with resistance to infection as early as 24 h after 
injection, protecting 46.4% of the experimental animals from death. Resistance 
was Significantly increased thereafter, so that 78.5, 92.8, 95 and 90% of the 
experimental animals survived after 2, 3, 5 and 10 days, respectively, versus 


60-100% death of control animals. 


After intramuscular injection of the complex, resistance to infection developed 
in the animals within 24 h and persisted at a high leve! for 5 days, protecting 
70-90% of the experimental animals, versus 90% death of control animals. 


Hypodermic injection of the complex in a dosage of 10 mg/mouse, as well as 


a dosage of 5 mg, was associated with development of high resistance only 2 


9 


days later; however, resistance of these animals remained on a high level tor 
lO days, which was not observed with a dosage of 5 mg/mouse. It can be assumed 
that the agent is resorbed more slowly when injected subcutaneously, and that 
it has an effect on cellular and humoral factors of nonspecific protection. 
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from the practical point ol view, it was interesting to test the effects ot 
multiple injections of the complex on development of immunity to infection, 
For this purpose, one group of mice was given the agent in a dosaye of 10 mg 
injected intramuscular and another, the same amount given intramuscularly for 
3 successive days. The animals were infected 1, 2 and 5 days later. The 
results (Table 5) revealed that three intramuscular or intraperitoneal injec- 
tions resulted in development of high resistance to subsequent infection of 
the animals with a culture ot B. pyocyaneus in a lethal dose, protecting 

95 to 95% of the experimental animals from death, versus 90-100% death in 
control mice, 


A comparative analysis ot administration of the complex once and three times 
revealed that there were no appreciable differences with regard to animal survival. 


Conclusions 


|. Experimental studies of a complex polysaccharide of plant origin showed it 
to have low toxicity and high biological activity. 


2. Single or 3-ftold intramuscular or intraperitoneal injection of the complex 
in doses of 5-10 mg/mouse before infection was associated with development of 
high resistance to staphylococcal and pyocyanic septic infection (55-90% of 
stimulated animals were protected, versus 90-100% death of control animals). 


3. Resistance to septic intection developed 2 days after subcutaneous injection 
ot the complex. Intake by mouth was ineffective. 


4. Administration of the complex 1-10 days before infection prevented to a 
siygniticant degree the tormation of suppurative sites in internal organs of 
experimental animals. 





BIBLLOGRAPHY 


l. Avetikyan, B G., in "Vsesoyuznyy s"yezd epidemiologov, mikrobiologov, 
infektsionistov. 15-y. Materialy" [Proceedings of 15th All-Union Congress 
of Epidemiologists, Microbiologists and Infectious Disease Specialists], 
Moscow, Pt 2, 1970, pp 156-157. 


2. Ashmarin, I. P. and Vorob'yev, A. A., "Statistical Methods in Microbio- 
logical Research," Moscow, 1962. 


3. Braude, A. I. and Yermol'yeva, Z. V., in "Vsesoyuznyy s"yezd epidemioloyov, 
mikrobiologov, infektsionistov. 15-y. Materialy,"” Tbilisi-Moscow, Pt 2, 
1970, pp 157-158. 


4. Vaysberg, G. Ye., “Recovery and Study of Biological Activity of Poly- 
saccharide Complexes of Acetoxans and Prodigiosan," author abstract of 
doctoral dissertation, Moscow, 1964. 


5. Gryaznova, N. S., Gubernmetorova, L. V. and Sazykin, Yu. 0O., ANTIBIOTIKI, 
No 9, 1967, pp 778-781. 


23 








6. Yermol'yeva, Z. V. and Vaysberg, G. Ye., "Stimulation of Nonspecific 
Systemic Resistance and Bacterial Polysaccharides,'' Moscow, 1976. 


7. Zaikina, N. A., ZH. MIKROBIOL., No 3, 1969, pp 122-125. 


8. Zemskov, V. M., Parsukov, A. A., Zamskov, A. M. et al., Ibid, No 2, 1977, 
pp 68-73. 


9. Kaulen, D. R., Tumanyan, M. A., Fridenshteyn, A. Ya. et al., in 
"Vsesoyuznyy s"yezd mikrobiologov i epidemiologov. l6-y. Tezisy dokladov" 


[Summaries of Papers Delivered at l6th All-Union Congress of Microbiologists 
and Epidemiologists], Moscow, Pt 2, 1977, pp 5-6. 


10. Kuzin, A. M. and Kadzhaya, A. S., RADIOBIOLOGIYA, Vol 9, No 6, 1969, 
pp 921-926. 


ll. Navashin, S. M. and Fomina, I. P., in "Vsesoyuznyy s"yezd mikrobiologov i 
epidemiologov. l16-y. Tezisy dokladov,'' Moscow, Pt 1, 1977, pp 330-331. 


12. Sondak, V. A., Gracheva, Ye. P., Gladyshev, Ye. I. et al., RADIOBIOLOGLYA, 
Vol 3, No 4, 1969, pp 587-589. 


13. Turova, A. D. and Gladkikh, A. S., FARMAKOL. I TOKSIKOL.. No 4, 1965, 
pp 498-503. 


14. Yashina, I. N., Ryabinina, Z. A. and Gladyshev, 8B. N., BYULL. EKSPER. 
BIOL., No 9, 1964, pp 116-120. 


15. Ruschke, R., ZBL. BAKT. ABT. 1. ORIG., Vol 156, 1972, pp 391-393. 
COPYRIGHT: "Zhurnal mikrobiologii, epidemiologii i immunobiologii", 1982 


10,657 
CSO: 1840/232 





54 











UDC: 616.9-036.2+579.8]:061.62"1891-1981" 


ACHIEVEMENTS AND FUTURE OF SCIENTIFIC RESEARCH INSTITUTE OF EPIDEMIOLOGY 
AND MICROBIOLOGY IMENI N. F. GAMALEYA, USSR ACADEMY OF MEDICAL SCIENCES 
(COMMEMORATING 90TH ANNIVERSARY OF ITS FOUNDATION) 


Moscow ZHURNAL MIKROBIOLOGII, EPIDEMIOLOGII I IMMUNOBIOLOGII in Russian No 5, 
May 82 pp 116-120 


[Article by D. R. Kaulen] 


[Excerpt] This rather incomplete list of directions and their originators 

is indicative, nevertheless, that the problem of finding the means of controlling 
infectious pathology has been the principal one over the entire long road of 
formation and development of the IEM [Scientific Research Institute of Epi- 
demiology and Microbiology imeni N. F. Gamaleya, USSR Academy of Medical 
Sciences]. The many years of development of the above-mentioned directions of 
research, headed by outstanding scientists and their disciples, resulted in 
having these directions become traditional for this institute, enabling it to 
take a leading place among institutes in this field. Expressly this circum- 
stance determined the function of the institute as the chief institution for 

the following problems of national importance: "Medical Microbiology," "Genetics 
and Molecular Biology of Bacteria," "Theoretical and Applied Infectious Immuno- 
logy" and "Endemic Infections." In addition, it is the chief institute for 
directions such as "Structure, Function and Molecular Mechanisms of Changes 

in Genetic System of Microorganisms," "Molecular and Biological Bases of 
Immunogenesis and Biosynthesis of Antibodies," which are under the jurisdic- 
tion of the interagency council for molecular biology. 


The institute participates in implementation of several interagency, coordinated 
and combined programs: "The Plasmid," "Cell Cultures," "Scientific and Technolo- 
vical Bases for Territorial Diversion of Water Resources," "Radiation Steriliza- 
tion!' "Diagnosis, Therapy and Prevention of Diseases Common to Man and Animals," 
"Brucellosis," "Tularemia," "Leptospirosis," "Rickettsiosis," "Interferon," 
"Tactics of Preventive Vaccination," "Biomedical Research in the BAM [Baykal- 
Amur Mainline Railroad] Zone," "Rheumatism," "Viral Hepatitis," "The Gene,," 
"Gene of Interferon" "Immunity and Medical Genetics." 


The institute is involved in extensive international collaboration with the 
People's Republic o: Bulgaria, GDR, Hungarian People's Republic, CSSR, as 
well as France and the United States. It is the coordinator of Soviet-French 
collaboration in the area of applications of electron microscopy in medicine 
and biology, as well as collaboration between the USSR and GDR on the problem 
of "Infectious and Viral Diseases." There are 11 WHO centers and scientific 
projects based at the institute. 
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At the present time, the institute has nine departments: epidemiology, endemic 
infections, general medical microbiology, bacterial infections, bacterial toxins, 
microbiology of latent intections, structure and function of microorganisms, 
immunity to viruses and immunology. These departments are comprised of 49 
laboratories, in addition to which there are 2 independent laboratories, a 
scientific management department, department of scientific medical information 
witan scientific library and ancillary scientific sections. 


The institute employs about 1000 people, including 311 scientists, among whom 
there are 81 doctors of sciences and 212 candidates of sciences. There are 

6 people with the title of academician and corresponding member of the USSR 
Academy of Medical Sciences, 38 professors, 2 Lenin Prize laureates, 2 State 
Prize laureates and 2 with the title of Honored Scientist of the RSFSR. 


The LEM is not only the founder of scientific schools and new directions of re- 
search. It is a training center for the USSR and foreign countries. Each 
year, 30 to 50 graduate students undergo training there, 5 to 10 doctoral and 
20 to 25 candidatorial dissertations are defended, up to 300 work places are 
provided for different periods of time to learn new methods of research and 
conduct joint studies. 


A council of young scientists and specialists, consisting of 160 young scientists 
(33 scientific workers, 81 senior laboratory technicians and 46 graduate stidents) 
works actively at the institute. 


In 1976-1980, the institute staff published 32 monographs, 15 collections ot 
scientific papers and 2034 scientific articles in the Soviet and foreign press; 
10 doctoral and 59 candidatorial dissertations were defended; 23 author certifi- 
cates for inventions were granted. 


The IEM is a consistent participant of the USSR VDNKh [Exhibition of Achievements 
of the National Economy]. Under the 10th Five-Year Plan, 10 exhibits were 
submitted to the USSR VDNKh; 3 silver, 13 bronzmedals and 27 certificates of 
VDNKh participants were awarded. An injectable interferon product was 

awarded a certificate at the international "Public Health 80" exhibition. 


Work on 28 scientific projects resulted in intr duction of scientific achieve- 
ments to public health practice under the 10th Five-Year Plan. A total of 89 
instructive and methodological materials, 9 instructions and methodological 
vuides were approved by the USSR Ministry of Health and distributed among 
concerned institutions. 


The institute devotes much attention to rendering scientific and practical 
assistance to public health agencies. Under the 10th Five-Year Plan, a 
combined plan of measures was developed and implemented, which included the 
creative collaboration with scientific and practical institutions, raising 
methodological standards and increasing consultant assistance to institutions 
in the area of diagnosing infections, developing new forms of epidemic-control 
and therapeutic measures, etc. 


There is a glorious history to the bacterial production enterprise of the LEM. 
For many decades, production of bacterials was the most significant aspect of 
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activity of the institute and those institutions from which it grew and took 
Shape. For a long time, it is expressly the production aspect: that determined 
the image of the institute and its role in the nation--it manufactured a signi- 
ticant part of all products for specific prevention and therapy of infectious 
diseases, and intensive work was performed to develop new bacterial and viral 
products and upgrade existing ones. 


A special production sector was established when the Central Institute of 
Epidemiology and Microbiology was founded. As far back as 1938-1939, the 
institute was in first place in the USSR according to list of high-grade 
products it manufactured. They consists of sera--antidiphtheria, antidysentery, 
antitetanus, antigangrene, antibotulinism, antimeningococcal, antiscarlet-fever, 
antistaphylococcal, antistreptococcal, antipneumococcal, normal; vaccines-- 
typhoid-paratyphoid (mono-, di and trivalent vaccines), combined scarlatina, 

dry dysentery, typhoid, smallpox; anatoxins--diphtheria and tetanus. In addi- 
tion the institute produced ayents for specific diagnostic reactions. 


During the Great Patriotic War, production of agents necessary to assure 
epidemiological safecy of the front and rear was deployed in the organized 
branches of the Central Institute of Epidemiology and Microbiology--in Alma 
Ata, Kazan' and Sverdlovsk, and after the end of 1943 again in Moscow, in 
the department for production of bacterials. 


In the postwar years, the Central Institute of Epidemiology and Microbiology 
produced, as before, large quantities of diverse agents and continued such 
work atter 1945, i.e., after it became part of the USSR Academy of Medical 
Sciences. By 1965, the institute had developed and set up production of 
about 80 various biologicals. 


At the present time, the enterprise for production of bacterials is concerned 
with experimental development and production of new agents. ‘There are nine 
departments in this enterprise: typhus vaccine, BCG vaccine, interferon, 
staphylococcal anatoxin, diagnostic and therapeutic produces, pyrogenal, 
fluorescent diagnostic sera, toxoplasmic allergen and antigen, immunodiagnos- 
ticum for hepatitis B antigen. In 1976-1980 alone, the enterprise sold 
various products tor a total sum of 1,278,500 rubles. 


[In 1976-1980, 10 products began to be produced by the LEM: intectious interteron, 
interferon recovered from cadaver blood leukocytes, immunodiagnosticum for 
hepatitis B antigen, cow embryo serum, precipitating serum to streptococcus A, 
monospecific sera against human globulin, antibodies to rabbit y-globulin, 
toxoplasmic antigen for immunofluorescence reaction, standard staphylococcal 
phayes (of cattle). 


Several of the products developed at the institute (meningococcal, tularemic 
and brucellar erythrocytic diagnost.cums, monospecitic sera and lactoferin) 
have been handed over to other enterprises for production. 


At the present time, in the year of its 90th anniversary, the IEM is represen- 
ted by a monolithic group united by the same main goal, to fight for the health 
of the Soviet people. 


COPYRIGHT: "Zhurnal mikrobiologii, epidemiologii i immunobiologii", 1982 
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UDC 576.85.083.5 : 612.359 + 612.41 
GNOTOBIOLOGY AND MORPHOPHYSIOLOGICAL FEATURES OF GNOTOBIOTE ORGANS 


Moscow USPEKHI SOVREMENNOY ZIOLOGII in Russian Vol 93, No 2, Mar-Apr 82 
pp 287-301 


KHLYSTOVA, Z. S., ZAYTSEV, T. I. and PODOPRIGORA, G. I., Scientific Research 
Laboratory of Experimental Biological Models, USSR Academy of Medical 
Seiences, Moscow Oblast; Institute of Human Morphology, USSR Academy of 
Medical Sciences, Moscow 


[Abstract] The authors review research with various vertebrates obtained by 
Caesarean section or decontaminated for studies in immunology, parasitology, 
Space medicine, oncology, pharmacology, physiology, biochemistry, radiobiology 
and veterinary sciences. Studies have been made of lymphatic systems and the 
spleen, the blood, the digestive, cardio-vascular, respiratory and 

endocrine systems and bone marrow. While this branch of biology is new, 

some conclusions have been reached, Organs that are in direct contact with 
microflora, e.g., the lymphatic and respiratory systems, the digestive tract 
and the blood, are generally underdeveloped in gnobiotes, but even those 
organs with no direct contact, such as the salivary glands, liver, spleen and 
adrenal glands show histophysiological variations. Increased bile production 
appears to be tied to increased erythrocyte hemolysis and accumulation of pig- 
ments in spleens. Spinal atrophy of the reticular tissue and suppressed 
lymphopoiesis were also found. Experiments have shown that the latter can be 
reversed in a normal contaminated environment. Experimental and clinical uses 
of gnotobiotes require continued research. References 141: 26 Russian, 

115 Western. 

226-A-12131 ] 


58 











UDC 616, 24-002.022.7:579. 882.11 J-091-092.9 
PATHOMORPHOLOGY OF EXPERIMENTAL ORNITHOSIS PNEUMONIA 


Moscow ARKHIV PATOLOGII in Russian Vol 44, No 4, Apr 82 
(manuscript received 23 Sep 81) pp 30-37 


KUZ'MENKO, V. P., GANDZIY, G. P., BARSHTEYN, Yu. A. and SMOLIY, L. S., 
Laboratory of Pathomorphology and Pathogenesis of Infection of the Kiev 
Scientific Research Institute of Epidemiology, Microbiology, and 
Parasitology 


[Abstract ] Ultrastructure studies were conducted on the lungs of outbred 
albino mice experimentally infected with ornithosis. The results showed that 
ornithosis infection was characterized by multiple foci of inflammation with 
polymorphic exudate; multiplication of the agent and its invasion of the 
intercellular space evoked intensive accumulation of leukocytes. The resultant 
production of toxic products, in combination with extensive phagocytic activity, 
led to the development of necrotic foci. Extensive overgrowth of connective 
tissue led to carnificative changes two to three days prior to the onset of 
clinical symptoms of ornithosis pneumonia. Also evident were various develop- 
mental stages of the ornithosis agent within the cytoplasm. Figures 4; 
references 14: 8 Russian, 2 Ukrainian, 4 Western. 

[229-12172 | 


UDC 616,981.55 3-036. 22-07-08 
CLINICAL, EPIDEMIOLOGICAL AND THERAPEUTIC ASPECTS OF BOTULISM 


Kiev VRACHEBNOYE DELO in Russian No 4, Apr 82 (manuscript received 10 Mar 81) 
pp LO7=-109 


SOKOL, A. S., KOLESNIKOV, M. M., ROMAZAN, M. P., KOVBASKO, M. A. and MOROZ,A.S., 
Chair of Infectious Diseases and Epidemiology, Kiev Medical Institute 


[Abstract] A brief survey is presented of the current state of botulism, wit” 
emphasis on the fact that 95% of the cases involve home=-prepared preserves: 
49% of the cases involve meat products (5.4% mortality), 29% involve fish 
products (27% mortality), and 22% inv lve plant-products with a mortality rate 
of 16.1%. Highest mortality figures apply to types E (32%) and A (25%) 
botulism. A key therapeutic approach consists of gastric lavage with 2% soda 
solution to eliminate residual toxin, and repeated anema with this solution 
until peristalsis is restored (usually for 5-6 days). Polyvalent antiserum is 
administered parenterally and intragastrically, and repeated as indicated by 
the clinical picture. 

[251-12172] 
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UDC 616,981.51 
[LMMUNOLOGIC CHANGES IN ANTHRAX IN RELATION TO GENTAMICIN TREATMENT 


Tashkent MEDITSINSKIY ZHURNAL UZBEKISTANA in Russian No 3, Mar 82 
(manuscript received 29 Jan 81) pp 29-31 


AKHMEDOVA, M. D., Uzbek Scientific Research Institute of Epidemiology, 
Microbiology, and Infectious Diseases 


[Abstract ] Immune alterations in subjects with cutaneous anthrax or revacci- 
nated with anthrax vaccine and in guinea pigs with experimental infections were 
investigated for autoantibodies against lyimphoid tissues (lymph nodes, spleen). 
In patients with active cutaneous anthrax, the autoantibodies reached a 
maximum titer of 1:48 by Boyden's method, and on treatment with antibiotics 
(streptomycin, penicillin) decreased to 1:10 to 1:15. Low titers (1:16-1:18) 
were also present in clinically-healthy subjects revaccinated with the anthrax 
vaccine, Experimental studies with guinea pigs pointed to greatest efficacy 
of gentamicin when administered at the time of infection; the antibiotic was 
least effective if treatment was delayed for 24 h. Histologic, ultrastructural, 
and immunofluorescerce studies showed that gentamicin treatment favored 
recovery of normal histology of the lymphoid tissue in infected animals, and 
promoted a reduction in anti-lymphoid autoantibodies and in the number of 
anthrax bacilli found in these tissues. It appears that determination of the 
autoantibodies in question is of definite value in diagnosing the progress of 
this infection, 

[250-12172 ] 


UDC 616.1: 312.2-06: 612.68(476) 


MORTALITY IN CIRCULATORY SYSTEM DISEASES AND ITS EFFECT ON AVERAGE LIFE 
EXPECTANCY IN POPULATION OF BELORUSSIAN SSR 


Minsk ZDRAVOOKHRANENIYE BELORUSSII in Russian No 5, May 82 
(manuscript received 15 Apr 81) pp 36-41 


TAL'CHUK, A. A., candidate of medical sciences, and MAZURENKO, G. V., 
Gerontology sector of the Belorussian Academy of Sciences 


[Abstract ] Using statistics available from the Beloruss.an Central Statistical 
Administration for 1969-1970 an analysis was made of the nature of cardio- 
vascular disease among the population of Belorussia, broken down by age-sex 
and social groups, and computations were made of life expectancy for this popu- 
lation on the hypothesis that cardiovascular disease could be completely 
eliminated. The results showed the following: cardiovascular disease is the 
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largest single cause of death; the crude death rate from cardiovascular dis- 


eases in this population shows female deaths 1.5 times higher than male 
leaths (this apparent deviation from male/female ratios is explained by the 
very -arge older-female population in Belorussia); the chances of death from 
cardiovascular disease increase with age; in males, the increased percentage 
st death from cardiovascular disease starts to climb at age 25 for urban 
iwellers and at age 30 for rural dwellers; in the 40-44 age groups the chance 
of deavh from these diseases is 2.5 higher in males than in females; the 
highest danger period for females is in the 50—55 age group, associated with 
he menopause, ‘’ables constructed on the hypothesis that cardiovascular dis- 
ease is eliminated demonstrate that if this were so life expectancy would 
increase 5.23 years for females and 4,87 years for men, with members of the 
urban population gaining more than the rural population. References: 14 
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[Abstract] Consideration is given to the current prevalence of brucellosis 


in Kazakhstan and the means being employed to control and eradicate the dis- 
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UDC 616.981.42-576. 8.097. 3 


CLINICAL MANIFESTATION AND INDICES OF CELLULAR IMMUNITY IN CHILDREN WITH 
BRUCELLOSIS 


Alma=-Ata 7ZDRAVOOKHRANENIYE KAZAKHSTANA in Russian No 3, Mar 82 pp 28-31 


NURALINOVA, G. I., Chair of Infectious Diseases, Semipalatinsk Medical 
Institute 


[Abstract] Studies were conducted on the state of cellular immunity and 
clinical manifestations in children with brucellosis in the Semipalatinsk 
Oblast, where the incidence of pediatric brucellosis was 22.6% during the last 
decade. Examination of 215 one-to-l4 year olds with brucellosis showed that, 
in patients less than two years old, the primary manifestations were visceral, 
whereas the older children presented with joint symptomatology. Chronic con- 
ditions were less frequent in the pediatric patients than in adults. Determi- 
nation of T and B cell levels in the peripheral blood of 50 children showed 
that cellular immunity (T cells) was depressed in brucellosis; humoral 
immunity (cells) was depressed only in patients less than seven years old. 
During convalescence, B cell levels rapidly returned to normal values, whereas 
T cell levels were generally depressed for at least a year. References 5: 

4 Russian, 1 Western. 

[325-12172] 


UDC 616.921. 5-036.2:576.8.097.3 


SERUM ANTIINFLUENZA TITERS IN HEALTHY INDIVIDUALS AS PREDICTORS OF 


INFLUENZA OUTBREAKS 
Alma-Sta ZDRAVOOKHRANENIYE KAZAKHSTANA in Russian No 3, Mar 82 pp 62-63 


GALIKEYEV, Kh. L. and ZAVOROKHINA, 0. A., Chairoof Microbiology, Semi- 
palatinsk Medical Institute 


[Abstract ] Serum levels of antibodies against influenza B and A2 were deter- 
mined by passive hemagglutination inhibition tests inNovember 1980 in a 
selected group of clinically-healthy subjects. The results showed that 49.2% 
of the subjects had moderate (1:40 to 1:80) or high (1:160 to 1:320) titers 
against influenza B (Leningrad 169/75) virus, while 15.8% had high or 
moderate titers against influenza A virus. Subsequently, in December 1980, 
this group experienced an outbreak of influenza b, but not cf influenza A. 


Following the outbreak the percentage of individuals with elevated or high 
antibody titers against influenza B virus decreased to 22.7%. These observa- 
tions indicate that an elevation in the percentage of individuals with moderate 











or high antibody titers against a given strain of influenza virus may serve 

as a predictor of an influenza outbreak, and is apparently due to an increased 
presence of the virus in question in the population at risk. References 5: 

4 Russian, 1 Western, 

[325-12172] 
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MICROBIOLOGY 


UDC 612.112,3 
LIPOSOME=CELL REACTIONS: LIPOSOMES WITH LIQUID-CRYSTALLINE MEMBRANES 


Moscow USPEKHI SOVREMENNOY BIOLOGII in Russian Vol 93, No 2, Mar-Apr 82, 
pp 214-229 


MARGOLIS, L. B. and NEYFAKH, 41. A., Interfaculty Scientific Research Problem 
Laboratory for Molecular Biology and Bioorganic Chemistry imeni A. N. 
Belozarskiy, Moscow State University 


[Abstract] First used as model membranes in biophysical research, liposomes 
have been determined to be effective carriers of biologically active substances 
for timed release to cells. Obtained by various means of introducing phospho- 
lipid molecules into a liquid phase, liposomes of such substances as natural 
or synthetic lecithin can be guided to deliver medications to tumors or other 
targets. The mechanism of their reaction with cells aepends on liposome 
dimensions, surface charge and cell type, but most importantly on the phase 
status of the lipid bilayer. Liquid-crystalline phase combinations of about 
300 A can merge with cell walls to release their content, without endocytosis 
of the liposomes themselves in most cases, Single layer liquid-crystalline 
liposomes adsorb on cells and their content is diffused into the cells 
cytoplasm. Many questions remain as to how liposome-cell interaction takes 
place, Large single-layer liposomes, which adsorb on cells and are absorbed 
eventually, are relatively less thoroughly researched. References 86: 

3 Russian, 83 Western. 

[226-A-12131] 
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UDC 576.858:758.085. 23 
PENETRATION OF INFLUENZA VIRUS INTO CONTINUOUS LINE CANINE KIDNEY CELL 


Leningrad TSITOLOGIYA in Russian Vol 24, No 3, Mar 82 
(manuscript received 19 Jan 80) pp 316-319 


ANISIMOVA, Ye. A., BUKRINSKAYA, A. G., VONKA, V. and VORKUNOVA, N. K., 
Department of Viruses, Institute of Sera and Vaccines, CSSR Ministry of Health, 
Prague; Viral Biosynthesis Laboratory, Institute of Virology, USSR Academy of 
Medical Sciences, Moscow 


[Abstract] Ultrastructural and biochemical studies were conducted on the pene- 
tration and uncoating of influenza WSN virus in a continuous line canine kidney 
cells (MDCK). The virus adsorbs to the cytoplasmic membrane and is also found 
within phagocytic vacuoles; in both cases the viral envelope fuses with the 
cell membranes, The data were interpreted to indicate that the virus enters 
the cell by fusion with the cell wall and also by means of pinocytosis. 

Since uptake and fusion occurred at 4 and 37°C it appears that non-enzymatic 
mechanisms are involved. Uncoating appears to involve more than one step since 
the perinuclear space contained viral (non-spiral) RNP enveloped by the matrix 
protein, Following loss of the latter protein from the viral core the free 

RIP enters the nucleus via pores in the nucelar membrane. Figures 6; 
references 6: 1 Russian, 5 Western. 


[242-12172] 


UDC 578.085.23:591.044.6 
‘ONTROLLED CELL CULTURE, PART 6: BHK=21 CELL CULTURE ON FLUOROCARBON EMULSION 


Leningrad TSITOLOGIYA in Russian Vol 24, No 3, Mar 82 
(manuscript received 18 Feb 81) pp 349-351 

sAVRILYUK, B. K., LEZHNEV, E. I., MAKAROVA, O. P. and BELOYARTSE F. F., 
laboratories of Tissue Culture and of Tissue Culture Processes ane Apparatus; 


Trerc 


Institute of Biological Physics, USSR Academy of Sciences, Pushchino 


[Abstract ] A system was designed and tested for securing three-dimensional 
culture of BHK-2l1 cells grown in an emulsion of perfluorodecalin in Eagle' 
medium, The resultant observations c2monstrated that growth on the emulsion 
(fluorohydrocarbon) droplets became apparent by the third day, and by day 8 

a viable cellular film, 1.0-l.e mm thick, was evident. The high capacity of 
fluorocarbons for dissolved gases (0, and CO.) appears to render them a suit- 
able support for three-dimensional tissue culture in the case of the BHK-2l 


a 


cells. Figures 5; references 6: 4 Russian, 2 Western. 


[242-12172] 





UDC 578.085.23:591.044.6 
CONTROLLED CELL CULTURE, PART 9: DYNAMICS OF pH CHANGE IN PERICELLULAR SPACE 


Leningrad TSITOLOGIYA in Russian Vol 24, No 3, Mar 82 
(manuscript received 1 Dec 80) pp 352=356 


AKATOV, V. S., LEZHNEV, E. I., VEKSLER, A. M. and KUBLIK, L. N. Laboratory of 
Tissue Culture Processes and Apparatus; Laboratory of the Theoretical Aspects 
of Radiorecovery and Radioprotection, Institute of Biological Physics, USSR 
Academy of Sciences, Pushchino 


[Abstract ] Investigations were conducted on the role of pericellular PH in 
growth cell cultures using Chinese hamster fibrolast cell line (B-ll-d-ii-FAF- 
28 line, strain 431). Sedimentation of cells on an H* selective membrane made 
possible direct measurement of the pH. The results showed that the most pro- 
nounced fall in pH in the pericellular space due to accumulation of metabolites 
occurs within the first six hours of sedimentation or after change of medium. 
The most significant decrease in the pH, one pH unit, occurs when the cell 
density in the monolayer is ca. 500,000 cells/cm®. Consequently, it appears 
that the decrease in pericellular pH is an important factor in growth limita- 
tion and that frequent change of medium favors growth. Figures 5; references 8: 
Russian, 7 Western. 
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[TS OF POLYMYXIN B ON IONIC PERMEABILITY OF BACTERIAL MEMBRANES 
Moscow BIOFIZIKA in Russian Vol 26, No 6, Nov-Dec 81 
(manuscript received 23 Dec 80) pp 1100-1102 


KAPITANOVA, N. G., KOREPANOVA, Ye. A., GARYAYEV, A. A., FROLOV, V. N. and 
ANTONOV, V. Ge, 2nd Moscow State Medical Institute imeni Nl. I. Pirogov 


[Abstract] Bactericidal concentrations of polymyxin B were added to susceptible 
E. coli cells to evaluate the effects on ionic permeability under conditions of 
aerobiosis and in oxygen-free media in the presence of glucose. Under the 
latter conditions, K+ is taken up by the cells and H* leaves. Upon addition 

of K* uptake is reversed and the rate of H* efflux is decreased. Taking into 
consideration the effects of this antibiotic bilayer lipid membrane, it appears 
that the observed effects were due to both an increase in ionic permeability of 


the bacterial cell membrane and an alteration of the lipid-protein configura- 
tion in the membranes. Figures 2; references 9: 3 Russian, 6 Western. 
[248-12172 ] 











UDC 576, 8-093, 3 





FURTHER IMPROVEMENTS IN SUBMERGED CULTIVATION OF PLAGUE AGENT AT 37°C 


Tashkent MEDITSINSKIY ZHURNAL UZBEKISTANA in Russian No 3, Mar 62 
(manuscript received 24 Sep 79) pp 51-53 


o 


ORLOV, G. Se, Military Medical Service, Turkestan Military Okrug 


[Abstract ] An analysis was conducted on the factors favoring maximum biomass 
yield of the plague bacillus in submerged culture at fe using a medium 
described by others (Ashmarin, I. P., et al., 1975; Orlov, G. S., 1978). The 
factors which had a positive effect were amino nitrogen, replacement of 
glucose of galactose, and aeration; prolonged cultivation had a negative 
effect. The yield of the EB strain approached a maximum of 7.9 x 107 cells/ml 
under optimum conditions, 

[250-12172] 


UDC 616.995.121-097 


OTANDARDIZATION AND STABILIZATION OF BIOLOGICAL PROPERTIES OF ECHINOCOCCUS 
ANTIGEN 


Tashkent MEDITSINSKIY ZHURNAL UZBEKISTANA in Russian No 3, Mar 82 
(manuscript received 17 Nov 80) pp 53-55 
KURBANOV, A. T. and YUSUPOV, K. A., Uzbek Scientific Research Institute of 
Medical Parasitology imeni L. M. Isayev 


[Abstract] Tests were conducted on methods for the preservation of hydatid 
fluid for subsequent use in passive hemagglutination tests. The results 


showed that lyophilized preparations were superior to preparations stored in 
the freezer of a refrigerator over a period of 19 months in sensitizing sheep 


erythrocytes and yielding highly sensitive tests. References: 4 Russian. 


[250-12172] 








PHYSIOLOGY 


UDC: 591.1 
BIOELECTRIC FLELDS: THEIR SOURCES, NATURE AND PURPOSE 


Moscow USPEKHI SOVREMENNOY BIOLOGII in Russian Vol 93, No 2, Mar-Apr 82 
pp 270-286 


[Article by V. R. Protasov and O. A. Serdyuk, Institute of Evolutionary Mor- 
phology and Ecology of Animals imeni A. N. Severtsov, USSR Academy of Sciences, 
Moscow | 


[Text] The possible mechanisms of effects of weak electric 
fields on processes of growth, development and regeneration 
are discussed, as well as the role of these fields on the 
cellular, tissular, organismic and population levels. 


Introduction 

Virtually all of the processes in living organisms are related to electrical 
phenomena. Conformation changes in molecules, ion transport through membranes, 
movement of unicellular organisms, growth movements of plants, discharge of 
glandular cell secretions, conduction of impulses in nerve fibers, contraction 
of muscles, functions of receptors and the extremely complex function of the 
brain--such is the spectrum, in its general features, of phenomena in which 
electric fields are involved. It can be stated that electric activity is the 
inalienable fundamental property of living matter. A comparison of data refer- 
abie to different branches of physiology, cytology and biophysics gives the 
impression that the living organism and its environment are, so to speak, per- 
meated with very complex and finely organized, in spatial and time respects, 
electromagnetic fields, investigation of the parameters and function of which 
opens up an interesting and multilevel branch of biology [18, 19, 23]. 





In organisms, currents of charged particles and nonequilibrated electric polari- 
zation create static (quasistatic) and variable electric fields within and 
outside their boundaries. The electric fields of living organisms were named 
bioelectric fields, although, according to the data of the first researchers-- 
physicists, they did not differ in essence from the physical fields of other 
sources [62]. Scientists were interested in the bioelectric fields of single 
cells and entire organisms [53, 71, 85, 88, 90, 98]. However, in view of the 
intensive development of biochemistry and molecular biology in our times, 
researchers switched their attention to the chemical aspect of function of Living 
matter, while the physical aspect remained in the shadows in many respects. In 
the meantime, electrophysiology concentrated on the study of excitable elements 
[21], while the problem of electric phenomena in unspecialized cells and tissues, 








as well as bioelectric tields of whole organisms moved to the background, It 
is only in the last decades that some serious studies appeared on the role of 
bioelectric fields in murphogenesis, growth, regeneration and coordination of 
tunctions in the organism, as well as on the Supraorganismic level--in communi- 
cation and orientation [28, 30, 74, 97, 103]. We submit here a survey of the 
main Literature on this subject. It should be noted that we shall not deal 
here with the effects of exogenous electromagnetic (particularly in the 
radiowave range) and magnetic fields on living organisms (see [20, 28, 37]), 

as well as some of the links, which are not completely validated, between 
bioelectric tields and various paranormal phenomena. 


The Cell 


The thesis that intracellular microfields onthe molecular and supramolecular 
levels are directly involved in processes that occur in living cells has 

recently gained recognition. Studies are being made of the role of electric 
fields in self-assembly of biological macromolecules and supramolecular struc- 
tures [26]. It is known that a difference in potentials appears on mitochondrial 
membranes during function of the respiratory chain and hydrolysis of ATP, and 
that a large part of the free energy of metabolism is converted into electric 
field energy in mitochondrial membranes [5]. 


Unicellular animals, animal ovicells (mainly fish roe and amphibian eggs), 
plant spores and pollen are convenient objects for the study of the bioelectric 
field of an unspecialized cell. The electric fields of an individual cell 

are recorded by different methods. In particular, the difference in potentials 
through membranes is measured by means of intracellular microelectrodes; a vib- 
rating electrode is used to examine the electric field in the dielectric 
environment around a cell, the difference in potentials and specific currents 
on the surface of tissues are measured by means of low-temperature auto- 
radiography [7]. 


Some of the parameters and time-space charac- 
teristics of bioelectric fields of individual 
cells are listed in Table 1. For the sake of 
comparison, information is given about the 
highly specialized electricity-generating 
cell of the electrical organ of the Electro- 
phorus electricus eel. We see that the 
electricity-generating cells present no 
\ qualitative differences from other cells, 
although the difference in potentials through 
the membrane is somewhat higher. For this 
Direction of ameba move- reason, there are grounds to reter to the 
nent —_—=> general nature of electric potentials of 
various specialized and unspecialized cells. 





Figure l. 
Distribution of electric 


, As can be seen in Table 1, there is no doubt 
current around an ameba [92] 


that there are bioelectric fields (static 

and pulsed) around animal and plant cells. 

lt is yenerally considered that the difference in concentrations of different 
ions is the source of a cell's bioelectric field, which is maintained by means 


69 














of active transport through the membrane [46], and the potential-forming cations 
are monovalent, whereas bivalent ones determine permeability to them of the 
cytoplasmic membrane. Pulsed electric fields arise as the result of change in 
membrane permeability and redistribution of ions in accordance with the electro- 
chemical gradient, under the influence of an exogenous or endogenous stimulus. 
This mechanism has been studied comprehensively in nerve cells and fibers. There 
are a number of facts that confirm the conclusion that expressly ion current makes 
a Significant contribution to generation of endogenous current and cytoplasmic 
fields in an unspecialized living cell. In particular, in the ameba, like in 

the zygote of "pelvetia" [?], incoming static current in the posterior quarter 

of the body, according to direction of movement, is generated primarily by Ca*t 
Aone, whereas in the growing end of a germinating pollen grain it is generated 

by K* ions [91, 109]. Experiments with the zygote of Fucus sp. algae revealed 
that, by the time of the first division, Nat ions enter the future rhizoid end 
60% taster, while Ca*+ and Cl~ enter 10 and 25% slower than into the future 
thallic end, so that the electric polarization of the cell can be considered 

as the localization of ion current and permeated regions in different parts of 
the membrane [76, 77]. 


Long ago, a link was detected between electric potential of the cell and activity 
otf metabolic processes [87]. At present, it is known that the function of 
systems of active transport in the membrane to maintain the difference in ion 
concentrations, which is coordinated with energy expenditure, depends on meta- 
bolic activity. Moreover, we cannot rule out the possibility that a specific 
localization and intensity of electrochemical (including redox) reactions in 

the cell also affect the appearance of the electric field around it. 


Electric phenomena on the phase interface also participate in generating the 
cell's bioelectric field. Phase interfaces exist in the cell as a result of 
contact between hydrophobic and hydrophilic structures, mainly Lipoprotein mem- 
branes and the aqueous phase of the cytoplasmic matrix or extracellular medium. 
An interphase potential difference should arise on the boundaries of these 
phases [4]; however, in view of the tact that a stable interphase potential 
difference is present only on the boundaries of aqueous solutions with dielectric 
liquids having specific resistance of i9** ecm, while biological membranes have 
specific resistance of 10? Qecm, it can be assumed that the interphase difference 
in potentials on the cell surface is not large and that it varies markedly, 
depending on the composition of the medium [58]. 


Finally, another interesting approach recently appeared to the question of 
origin of bioelectric field of the cell. Studies of polar properties of its 
components and the cell as a whole revealed that some proteins, collagen, cell 
membranes and other structures constitute, by virtue of the orderly arrangement 
of molecules, electric dipoles, and they can be described as bioelectrets. As 
we know, electrets are characterized by the presence of a constant dipole 
moment and fixed electric polarization. Electrets behave like piezoelectrics 
and pyroelectrics in its direction. It was found that all collagen, keratin 
and chitins have pyroelectric properties. Pyroelectric properties have been 
demonstrated in structures of DNA, nucleoproteins, structural proteins of 
microtubules [39], which play an important part in polar processes of cell 
division, in preservation of its form during morphogenesis [52, 59]. The 
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opinion has been advanced that the electret state is a universal property of 
biopolymers, and that pyroelectric and piezoelectric activity is the basis otf 
physical properties of all living organisms [23, 7, 39, 64]. In this regard, 

we should mention the hypothesis of origin of life from a complex of crystalline 
structures [70]. 


Thus, both electric reactions of the cell and ion voltage through the membrane, 
as well as phenomena on the phase interfaces and, apparently, other processes, 
plus other special electret properties of cell :lar structures--all this together 
leads to creation ot a spatially organized pattern of bioelectric tield around 

a living cell. Let us discuss the hypotheses concerning the purpose of the 
cell's bioelectric tield. 


The tirst, according to Jaffe [74], is related to involvement of the cell's 
bioelectric field in the mechanism of intracellular localization of growth. 
According to his hypothesis, the plasma membrane in the future growth region 
becomes relatively permeable to specific cations. Their movement through the 
growth region generates incoming electric current. This current, going 
through the cytoplasm, creates a relatively positive cytoplasmic field under 
the penetrated seyment of membrane. The field causes movement of negative 
particles toward the penetrated region. This, in turn, increases permeability 
of the region, and a sort of chain reaction is produced, which is instrumental 
in lLocalizational growth. 


The second, according to Bingley [47], is related to involvement of the cell's 
bioelectric tield in propulsion. Thus, the existence of an intracellular 
potential gradient in the ameba is related to its propulsive function. As we 
have already indicated, the ameba generates both pulsed and steady fields. 
Relatively steady current, with a mean density of 0.1-0.2 uA/cm, enters the 
posterior quarter of its body and exits at the site of formation of pseudopodia 
(Figure 1). <A reversal ot the electric tield precedes a change in direction 
of movement of the ameba [91]. True, the opinion is also held that the 

change in intracellular potential and change in movement of cytoplasm are 
different reflections of a more general process [12]. There are also data 
concerning the link between rhythmic bioelectric phenomena and the beating ot 
flagella and cilia of protozoans, on the one hand, and contraction of their 
excretory vacuole and the entire cell, on the other [13, 14]. In the opinion 
of some researchers [72, 104, 105], another mechanism of involvement of bio- 
electric fields in growth and propulsion is related to local changes in mem- 
brane permeability due to their regulation of proton and ion channel function 
and transport oft different ions through the membrane and within the cell [104, 
105]. This is particularly important with regard to Ca*t ions, which regulate 
the functions of contraction and formation of gel in cytoplasmic contractile 
proteins of the actin and myosin types, which participate because of these 
functions in cell motility and maintenance of cytoplasmic structure [12, 61]. 
The latest information about Ca*t-accivated actin-microtubule interactions 
warrants the assumption that contractile proteins are capable of enhancing 
microtubule-dependent movements. 








9pozqIaTIx0I9N TW 


TTa9 


ueZ1iodO DTI} 








[oe] OST-OzT - BSATISBOUCIIIATS ST [TTA JO apts yuolay ABTNTTeceiquy -oaTe s,Taq 
QOuUPYSTSOI 
uMOUY UTM 
Juow8as TeutraqUT WOAJ sqyTxa dd JO JUuawe ian euTjoal 
[+2] - 0°09 pue Juswsas [Teurayxa szaqus JusarzAny —-seow ‘TT2.0RP1QUT 3e1I JO poy 
a10ud 
VATA TSOdO1I{DIaTA a9poiqdITIx0II TW -oueTou 
[ez *ZZ] (71+) -(€-) - ST puo SutqepTnundoe-atnuerdly Ae [NT Tex0e14uyYT usSTY 
UOTSTATP JO JAeRS A|aqIye STASPT 
uTW QQ UTYITM eAOCOAS WOAFJ SITXO pue sndousx 
- - C°0 9AOOIZ |aBePAPSTI C1NINJ sAaque Jusajzang 1ojy owes 
wsetTd AD Jo uot Iesaisas Sadt eT 
SUTANP UOTISZTTITIAAT AaIze oaTod Te .asaa seTsAIO 
aues - 0°S-O°T wolj S3TX9 fatTod Tewrue sazaqus 4ussziny sues Toy owes 
901 
uTYyoIn eas 
snjeandand 
UOTSTATP YOR AAIOTJOqG UTW OT AOF apoiqoseTs BuTqel snjo1iquao 
[+72] - Z°O SAOOIZ SBeAPAaTS 9ANANy szdqus Yusazang -—QTA *[TTe0P13xy -OTe82u0135S 
uoT}9e13U059 
AJBTNTTe9 xslojeq s Q*T paqou Tetqusay snajtTn1s0d 
™ Of- - -Ood *[TT@e9RPIIUT JO SUOTIPTADP sATIeBZdON - 103uU9a 3S 
TeAXT Tet Juaj{od *TTeoRAQUT puUe ARTA wnieueredl 
ewes (C4-)-(0T-) - -T}9e8 AAPTTTO usemMqaq poysTTqeyisa yurTyT - eutTedo 
so8ueyod uot eztaejTtodaadAy yAtTm 
uoT}Ie1QUOD eusetTd pue [etjuaqjod AetT 
-—N[TTe0R1AIUT UT saBsueyd uot IeztTaetodap wnjepnes 
[ZT] O7I- - UJIM pa IeTOSSe ButT.eaq PT[TO pasrsAdy aUes wntoowe1egd 
uoTINTOS (etpodopnasd 
uo S8utpusadap JO uoTIeWAOJ JO aITS ye JusaazAN) 9polqIaTI0IO TW snajoad 
[76 *8Z] | (OZT-)-(O0%-)| Z°0-T’°O BUTOS4INO) SATITSOdOAIDIATI ST ssad01g AB TNT TIo9P Au eqoouy 
STTe° TewTuy 
wo /yri —_ 
aouaIayoy AW »‘dd fy zsua SOTISTAIIOePAPYUD TetTJeds pure dsuUTL poujew Jususinseoay q9aa0 

















Teanjeu ay UT s{[ao juetd pue 


[etqea yo sqaied om] jo Ysaty] JuswuUOITAUAS 


Teuwtue sWOS JO SPTATJ DTARIATeOTQ Jo sAaqaweized asauos 





°T 


aTqey 


72 





*Q0uUxsTATITpP Tetqjuajod of sAezat qd £7 SsTqel ut pue sAdpHx 





epoiqdeTea ATTT WuroTJTZuo0T 
SuUTAeAQATA WNITT] Jo uTeizZ 
[€oT] - O°OI-€°T Paie YyyAMOAS sdAaqusa jusejANy AB TNT Te0e 1X uaT{Tod But 4eurwiay 


oeudAy erodsoinan 








@pOitqdIeTIOIITW jo euddy 
ewes 09 | - SPATITSOdOAADISaTS ST pua BuTMo1y ABTNTTI0RAIUT Jo pus ButMoly 
UoTIeZTTTIWAeF 
Jaqyje uotqeuTwiss bf 
9poijqdeTe uodn oe8Te umolig 
BUTJPAQTA {aeadXydoaeug |] 
[ez ‘22] _ o°T pus (proztytz) ButTmMois sazaqua quejzang Ae [NTTaoe13xq | ‘ds snong JO TTe9TAO 


| eesTe uss12 
| if > 

| [aepadAudoro0tug)]) 
‘ds eroydoujtg 





aoejyans uo qd 
JO JUsWeINsPoUW 





| 


























| 
[98] OC | - | TT20 Jo pua Teotde sizaqusa .uerzIzNy | IB TNT T acer 14 xq | JO JuaweTTy Teotdy 
] } 
| | 
aBeITOA | UNTeIS PaUPAAAaITpsU 
Peale uyMoIZ | JO Juawsarnseaw | eTAAeTNae soy 
p ~ 
[+72] - 0°Z-0°T Slaqjue ATTensn (pastnd) Juarzang ABTNTTe0eAIXY| JO Juowsas AOTI94sSo0g 
STTe° 4uUPTd 
,wo/yn 
aduarayoy!| AW x*qq/ ‘AITsuap SOTAISTAaIOeAPYO TetTIeds pue sauT] /poyjow Juowernseoay | y9afqo0 
| | Juazin9| | | 


l ainenadae i a i 


[panutT quod] T eTqey 

















The third hypothesis concerning the purpose of bioelectric fields is related 

to evolution of electrogenesis [47]. It is assumed that positive potentials 

of protozoans could be the functional prototype of overshoot action currents of 
excitable tissue cells. From this point of view, the electric phenomena in 
protozoans appear to be more general and typical of living cells, as compared 
to specialized cells of multicellular organisms, and for this reason protozoans 
can serve as a model in developing universal theory of electrogenesis in living 
cells [12]. 


Thus, ani:nal and plant cells are Surrounded by steady and pulsed bioelectric 
fields, the magnitude of which is apparently related to activity of metabolic 
processes, whereas their spatial configuration is related to localization of 
ion currents through the membrane and, apparently, electrochemical reactions 
inside the cell, as well as the orderly structure of living matter (electret 
properties). 


Tissues and Organs (Bioelectric Fields in Intercellular Interactions) 


As it has been shown, all cells are surrounded by bioelectric fields. It is 
easy to imagine that in collections of cells there is interaction between the 
electric fields of difterent cells and Summation of their energy and amplitude. 
One of the mathematical approaches to conceptions of such summation has been 
discussed in [67] ca the example of interaction between different 

action potentials of muscle fibers. It is rather well-known how summation occurs 
in highly specialized electric organs of some fish, in which individual electri- 
city-generating cells are connected in a specific order [3, 30]. We should add 
to this that the intercellular substance, which has an orderly structure, is 
also instrumental in maintaining electric polarity of tissues, Most support- 
ing tissues of vertebrates demonstrate marked electret properties, due to 

the presence of collagen inthe intercellular space [38, 83]. All this also 
applies to the tissues of invertebrates and plants [101]. 


On the tissular level, bioelectric fields are involved in intercellular inter- 
actions, and we can distinguish two components in their action: force (migra- 
tion of charged particles) and information. We shall discuss them in greater 
detail. 


In recent times, many researchers believe that bioelectric fields are involved 
in morphogenesis and regeneration. Both of these processes are phenomena of 
the same order, since they are related to reproduction, growth and differentia- 
tion of cells. It has been long known that bioelectric fields are somehow 
related to morphogenesis [86]. There are many hypotheses concerning the mechan- 
ism of morphogenesis in embryology. Various models (embryonic tields, posi- 
tional intormation [74, 103]; phase shift, "sand" model [84] and others) have 
tried to explain how linear genetic information is translated into a distinctly 
organized three-dimensional spatial structure and what factors affect cell 
differentiation. Embryologists often use terms such as field, pattern and 
gradient, imparting a purely morphological meaning to them and without relating 
them to physical fields. The concept of field was first introduced to biology 
by Gurvichas far back as the 1920's [11]. Without defining the physical 
essence of a biological field, he attributed to it the role of a factor that 











organizes living matter in time and space, in morphogenetic processes. However, 
an increasing number of studies is indicative of the physical (more precisely, 
electric) nature of these tields and confirms hypotheses expounded previously. 
The idea has been discussed that, by virtue of vector properties, a bioelectric 
tield constitutes a matrix, within which genetic information is expressed 

(40, 54]. 


The intluence of exogenous, artiticial and very weak static electric tields on 
morphogenesis and regeneration is direct evidence of involvement of bioelectric 
fields in morphogenetic processes. As far back as the 1920's, Lund [86] pub- 
lished a series ot interesting articles on regeneration of the Coelenterata, 
Obelia, in a static electric tield. He discovered that during reseneration in 
| an electric tield with current density of 0.02 mA/mm* , the hydranth always 
yrows with the tront (top) end toward the anode, regardless of orientation of 
the revyenerating object. It was demonstrated that the direction cf differenti- 
ation during regeneration can b* reversed by superposing an exogenous electric 
tield close in magnitude, but in the opposite direction, to the object's own 
tield. The author concluded that electric polarity is primary in relation to 
morphological polarity, and that the mechanism determining the morphological 
polarity can be controlled by means of an exogenous electric field. Rose 
(95-97! contirms these data in several current works with Coelenterata, and he 
woes even tarther. He demonstrates that a change in polarity of an organism 
is always related to a change in direction of the bioelectric tield, that the 
region with maximum metabolic activity always becomes the center of organiza- 
tion and that this center is electronegative in relation to other regions. 
Rose advances a hypothesis concerning the mechanism of effect of the bio- 
electric tield on difterentiation (see below). 


Ihere is also a series ot studies dealing with regeneration of Planaria worms 
[57, 87]. Planaria without head and tail segments were immobilized in gel and 
placed in a weak, steady electric tield. Under specific conditions otf current 
density, the head structures always grew at the cathode, regardless of the 
animal's orientation. Planaria with two head segments were obtained in this 
manner [S57]. 


A link between wound reveneration and healing, on the one hand, and electric 
phenomena, on the other, was also demonstrated in vertebrates. It was shown 
that the electric characteristics aiter amputation ot a limb were different 

in regenerative and nonregenerative amphibians [41]. Other studies demon- 
strated that one can accelerate regeneration of a triton limb by means of an 
artiticial electric field {[58, i100]. Moreover, a vibrating electrode was used 
tO m asure and map the natural electric tields around the stump of an amputated 
triton limb. It was shown that elimination of Na*-dependent current in 

the stump, by means of blocking the Na* channels of membranes with amiloride 
or removal ot Nat trom the medium st pped almost entirely or severely retarded 
reveneration |[48, 4Y}j. ihere ar 1i1so data concerning electric stimulation ard 
partial regeneration otf mammalian limbs also [43]. All this warrants the 
beliet that endogenous « lectric *urrente ana field ire essential to normal 
regeneration. 


Many works have been published avout the etilects of endogenous and exogenous 
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Clinically noticeable healing can be induced with 10 LA current. New bone 
tissue is tormed in the immediate vicinity of the implanted cathode. The 
opinion is held that, in this case, it is not the field, but electrode products 
that produce the effect, but there are also other facts, according to which 

an exogenous electromagnetic tield stimulates fusion of fractures [56, 106]. In 
this case, the effect of electrode products is ruled out. It is known that 
direct current ot 200 WA accelerates healing of skin wounds in rats, even if 

it is used for the first 4 h after the wound was sustained. It is believed 

[69] that electric current influences cell migration, but not proliferation. 


Direct electric current accelerates healing of injuries in plants. A comparison 
of the data shows that there is a similarity of optimum level (yA) and polarity 
(cathode demonstrates healing action) in plants and animals, although optimum 
current density is lower in plants [66]. 


Thus, we see that electric tields are involved in some way in processes of 
migration, growth and differentiation of cells and tissues. What is the 
mechanism of this involvement? There are several hypotheses on this score 

at the present time. All otf them are expounded on the basis of the fact that 
bioelectric tields of individual cells create special electric conditions in 
the intercellular space. One of the assumptions is that the electric field 
creates guided transport ot specific repressors, thereby providing for the 
appropriate pattern of cell differentiation [95]. This has been confirmed by 
experiments. For example, if two identical segments of the stalk of the 
Coelenterata, Tubularia, are successively connected, the top one always con- 
tinues to grow and forms the upper structures (tentacle [palp], hypostoma) of 
the hydranth, while the lower one stops growing. As .: c.esult, trom the two seg- 
ments, each of which could have developed into a wicle hydranth, only one 
normally formed organism develops. If, however, similar segments are connected 
"face to face," both will regenerate as if there were no interaction between 
them, and each will develop into a whole hydranth. In other words, the re- 
pression that occurred in the experiment from the top segment to the bottom 
one was not manifested in this case. This can be evaluated as evidence of 
directionality ot repressor currents. The fact that this repressor current 
venerates a bioelectric field is proven by other experiments, which deal with 
the effects of weak exogenous electric fields on regeneration of hydranths, as 
well as the presence of a difference in potentials at the ends of the stalk [96, 
97, 100]. However, if this is so, all repressors should have a charge of the 
Same sign and similar magnitude, which is unlikely. For this reason, even 

if this hypothesis is valid, it is so only for lower organisms with rather 
simple structure of bioelectric field. In plants, in particular, the role 

of bioelectric fields in phytohormone transport cannot be ruled out. 


Jatte [73] proposed the following model: the bioelectric tield does not move 
repressors, but charged components on the plasma membranes ot cells. He 
called this phenomenon lateral electrophoresis, and he proved mathematically 
that it is possible for charged membrane components to be redistributed under 
the influence of endogenous or exogenous electric fields with a drop ot only a 
few millivolts in potential through the cell. The equiponderant concentration 
of identical negative particles or molecules on the surtace of a spherical 
cell placed in a homogeneous field, when there is equilibrium between 





electrophoresis and reverse dittusion, constitutes C = C(e*csch(¢) JeS°%6, where 
C is mean concentration of particles, € = (m/D)*(V/2), m is electrophoretic 
mobility, D is diffusion constant, V is potential difference through sphere in 
a given electric field. From this equation, one finds that Vo,,; = 0.6 (D/m), 
i.e., One can, by taking into consideration electrophoretic mobility ot par- 
ticles and their ditfusion constant, determine the required voltage to 

induce 10% polarization. Inserting in the equation the mean values tor biolo- 
vical spherical particles 10 nm in diameter, Jaffe estimated that, for 10-50% 
polarization, prolonged constant decline of potential through the cell of 

only 0.8-40 mV will be required. According to the data in Table 2, an endo- 
genous potential difference sufficient for electrophoresis along cell membranes 
is widely distributed in tissues of living organisms. 


Table 2. Some characteristics of bioelectric fields of animal and plant 
organs and tissues 
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ee _ Object 4 __ Spatial characteristics PD, mV Source 
Animals 
Obelia | 
Stalk segment | Top end electronegative in rela- 1,.0-1.5 | [98 | 
| tion to bottom one 
trunk wall ' Same (-1.0)-3.0 [87] 
Anodonta sp., ' Outside electronegative in rela- | 18.5 [86 | 
epithelium ' tion to inside | 
(mantle) 
Fundulus sp., | Same (-7)-(+L) [74] 
vastrula 
Chick, | = | -3 Same 
chorioallantois 
Rabbit, blastomere | " -/.,840.6 ” 
wall | 
Ambustoma tigrinus, | Current | [49] 
regenerating tip | Current exits trom regenerated density, 
ot paw | end of paw, enters proximal to it | 30-100 mA/cm* | 
detormed bone | Bent-in side is electronegative ~ | [6] 


Plants 


Oats, coleoptile | Current flow up in outside cel] 20-80 | | 86 | 
layer and down in inside one | | 
Onion, root Reyion of highest potential cor- 20 Same 


responds to region ot maximum 
mitotic activity 


Experiments with electrophoresis along the cell membranes of Concanavalin A re- 
ceptors, as well as acetylcholine receptors, serve as convincing evidence of 
the validity of Jatfe's hypothesis [94, 95]. It was demonstrated that an elec- 
tric tield of 4 V/cm causes signiticant redistribution of Concanavalin A recep- 
tors along the plasma membranes of mouse embryo cells in 4 h. The receptors 
(apparently, glycoproteins) are concentrated on the cell side tacing the 
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cathode, in accordance with the mechanism of passive electrophoresis. The 











fact that this is a passive process is proven by experiments involving the use 
of metabolic inhibitors [94], Jafte believes that lateral electrophoresis is 
one of the most important mechanisms, upon which are based the etfects of 
endogenous tields in developing systems, including determination of direction 
of growth in plant meristems, nerve cell growth, development of embryonic 
tissues, etc. He believes that the same mechanism is involved in processes of 
limb regeneration in vertebrates. Thus, in a steady electric field, the 
wyrowth of axons is accelerated in the direction of the cathode as a result of 
lateral electrophoresis [75]. It is also known that when current exits from 
the end of a stump (which corresponds to natural distribution of endogenous 
current), a large amount of nerve tissue is formed and regeneration proceeds 
normally. It, however, there is incoming current (against natural currents), 
there is a decrease in amount of nerve tissue and degeneration occurs. 

Bodemer [74] obtained some regeneration of the limb of an adult frog by sti- 
mulating the nerve in the scapular region at the rate of 1000 pulses/s, with 
amplitude of 3V0 MV tor 1-2 min. On the basis of the tact that the denervated 
limb did not regenerate, it was concluded that the nerve is somehow involved 
in transmission of morphogenetic information. The possibility cannot be ruled 
out that, by creating a tield around itself, it becomes an important element 
ot the mechanism that controls regeneration. At any rate, it is believed that 
nervous processes in the stump are the target of endogenous and exogenous 
tields. Hence, the possible influence ot weak incoming endogenous current on 
regeneration consists ot accelerating growth of nerve tissue by means of lateral 
electrophoresis. Then the nerve tissue, generating a specific electric field, 
is instrumental in morphogenetic and growth processes. 


Becker uses a unique approach to questions of healin; aad regeneration [40, 42]. 
Proceeding trom the conception ot initial biologicuily solid state, he believes 
that signals about trauma are transmitted by a tiux of electrons within the 
matrix, which leads to a change in pattern of the system's electric field 

and ultimately to regeneration (see chart). 


Trauma | | rs 
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ot etfects of an endovenous electric field is more or less Known. lt is based 


on the electret properties O] bone. AS a result Ol gama ve tc. sSeous tissue, 


by virtue ot its piezoelectric properties, the appearing electric tleld 1 











instrumental in producing orderly one ntation of macromolecules synthesized by 
cells, which participate in healing. Exogenous artificial electric fields 
have a similar etfect, and they accelerate bone tusion [56, 63, 106]. However, 
this mechanism is not tlawless. It has been estimated that fields of 300-3000 
V/em are required tor individual elongated biological particles oriented at an 
angle to the direction of voltage; tor example, 4000 V/cm is required for 
collagen molecules 0.9 Lm in Length and 50 V/cm tor only actin tilaments 

I-10 ym in length [74]. ‘These tigures are 100 or more times higher than the 
Known levels of electric tield intensity within tissues, so that some re- 
searchers consider this mechanism unlikely. But, it is quite possible that, 

in this case, it is not passive electrophoresis, but some other (active!) mecna- 
nism that is involved in orientation of polar molecules in a bioelectric field. 


Athenstaedt [38, 39] believes that such a mechanism, which is based on electret 
properties ot Living matter, determines not only growth ot osseous tissue, but 
morphogenesis and yrowth as a whole. He writes that growth of animal and plant 
Structures always proceeds in the direction of the positive pole of the 
existing longitudinal electric polarization. This applies to collagen, keratin, 
chitin and plant structures. Evidently, as yrowth progresses, the polar linear 
macromolecules are so oriented that the positive pole of their constant dipole 
moment always points to the direction of growth. The chorda, neural tube and 
bilateral row of somites constitute the axial system of the chordate embryo. 

lt was tound that the direction ot Longitudinal electric polarization is the 
same in all vertebrate embryos examined: minus is cranially located and plus 
caudally. From this, the author derives a "physical matrix" of the 

chordate embryonic axis system, 


Let us consider another hypothesis. It is concerned with the possible involve- 
ment of bioelectric tields in establishing and function ot intercellular coa- 
tacts. This applies mainly to embryonic development of organisms. Thes 

tacts are Known: cell reproduction is radial it a tissue explant is cultivated 
in the appropriate medium. With simultaneous cultivation of two explants 
side-by-side, radial reproduction of cells proceeds along the lines that 
connect the pieces of tissue, and orientation of cells regresses with the 
square of the distance between explants [80]. It was tound that growth is 
suppressed after establishment of intercellular contacts along the axis that 
connects the pieces of tissue. All this indicates that there are interacting 
physical tields around the explants, which determine the direction of cell 
growth and spatial position of interce'Jular contacts [81]. Experiments 

with reorientation of cell growth by applying an exogenous electric tield 

prove that these tield ire electrical [80]. These facts have a direct bearing 
on problems of morphogenesis, since processes of establishment of cell con- 
tacts, Linkage ot cells and, accordingly, structural shitts and morphogenetic 
movement of cell masses in Luilding the organism depend on the electric 
potential ot cells. 


Brick et al. | 90} submit an equation, acc rding to which an increase in the 
cell 3° surtace potential intenslties repulsion ot cells and raises the enery' 
barrier, which serves to link cells and establish contact between them. hie 
difterences in electric tield characteristics ot various cell populations 


ind change in this parameter within a population may consist of change in 





degree ot Linkaye and contact between cells and, consequently, displacement o! 
cells during development. An experiment on developing troy eyys revealed that 
the transition trom blastula to gastrula is related to change in electric 
potential on the cell surtace; in turn, this is related to shifts in the 
epithelium: cells that remained motionless during the period studied showed no 
change in potential. Interestingly enough, the enioderm is always more nega- 
tive than the chordoderm, which is more negative tian the internal nervous 
ectoderm. This hierarchy ismaintained throughout gastrulation. In other words, 
there is a change in degree of tissular linkage by means of electric fields of 
cells [42]. This phenomenon is known for embryonic cells [44]. Coordination 

in cell tissues is effected, apparently mainly due to the presence of 

special electrotonic ftissural contacts [45]. Fissure contacts are not retained 
upon cell division, and with tissular growth there are new fissure contacts, 

and it is quite likely that their location is determined by the tissue's electric 
tield. 


With reterence to the question of electrotonic coordination [conjugation], we 
should mention one more possible tunction of bioelectric fields in organisms. 
Electrotonic coordination by means of fissure contacts is related to supra- 
cellular integration ot conduction, which perhaps occurs independently of 
neuromediatory systems. The special spatial location ot fissure contacts 
Warrants the assumption that they torm a morphologically distinct network, 
which serves tor necve-ftree transmission ot information in the organism. luis 
applies not only to the embryonic stage ot development, but adult specimens, 

at least on the prenerve levels of organization (sea gooseberries [Ctenophora], 
siphonophores, Coelenterata). It is theorized that such a system persisted 

in higher organisms [25]. In modern animals, there are two systems of electric 
transmission of intormation: a specialized high-speed nervous system tor 
transmission ot action potentials and another, primitive one, which perhaps 
preceded the tirst one. ‘ine existence otf this system has some bearing on the 
problem of acupuncture [25, 42]. In general, it is assumed that the system of 
electrotonic connections in organisms serves as the structural basis for 

the function ot bioelectric fields, which synchronize and integrate the function 
of individual cells, tissues and organs. 





Speaking of the role ot bioelectric fields in electrotonic transmission of in- 
tormation, we should mention studies of ephaptic phenomena in central nervous 
system synapses. They reter to the tact that interactions between neurons and 
fibers may be efttected not only chemically, but by means of endogenous electric 
tields [35]. Involvement otf ephaptic interactions is observed in synchronizing 
ictivity of a large number of nerve cells. Moreover, such mechanisms can 

both excite and inhibit neuronal impulsation activity. Their role is also 
being studied in the passage of nervous excitation to an eftector organ, in 


particular a muscle. 


Finally, many works dealing with physiology of plants indicate that their bio- 
electric tields may be involved in transport of phytohormones, coordination 


of physiological growth processes and plant reactions to changes in environ- 


mental parameters (see, tor exampie, [|24%, ©), SO}]). 








are perhaps involved at the early stages ot ontogenesis in processes of morpho- 
wenesis and growth, regeneration and healing, nerve-free transmission otf 
intormation within the organism, coordinating its internal processes. Some re- 
searchers believe that it is expressly on this basis that highly specialized 
functions of the nervous system could develop for transmission of information 
and coordination of organ tunction in multicellular organisms, In the absence 
of a nervous system or when it is poorly developed (in lower animals, plants, 
at early stages ot ontogenesis), these functions may be ettected by bioelectric 
tields of unspecialized cells and tissues, 


Bioelectric Field Around Organisms 


At the present time, there is no question about the existence of low-frequency 
electromagnetic tields around Living organisms, due to their bioelectric 
activity. It should be noted that the magnitude and spatial configuration ot 

an electric tield around an organism depend on the conduction properties of 

the environment; tor this reason the bioelectric fields of animals Living in 
water, which has electroconductive properties, differ (quantitatively, quali- 
tatively, as well as in siygniticance to vital functions) from the electric 
tields of terrestrial organisms. The capacity to orient themselves in weak 
electric tields is indicative ot the major role of electricity in the life of 
marine organisms. Protozoans, some mollusks, crustaceans and worms have 

this capacity. but bioelectric fields play a particularly important part in 
the Lite ot tish. Already in antiquity, it was known that some tish are 
capable ot "hypnotizing"” at a distance and striking their prey. However, it 

is only in the 18th century that these phenomena were identitied as electrical. 
For a long time, the purpose of electric organs of so-called mildly electric 
tish was not comprehended, [t is only in 1958 that Lissman (see [30]), who used 
the latest electronic technology, established that these fish use their electric 
fields tor orientation and communication, 


Each discharge of electric organs in water generates a typical electric tield 
around the fish (Figure 2). Its structure depends on the shape of electric 
organs, location and orientation of electric plates in them, as well as 
location of electric organs in the body and shape of the body. 


Specialized electricity-generating cells ot electric fish originated trom muscle 
(most species), nerve (in some electric eels) or glandular (electric cattish) 
cells. High-tension (in treshwater strongly electric fish) or high-power 

(in saltwater fish) currents appear as the result of summation of potentials 

ot individual electric cells, which are interconnected in series and parallel. 
Appearance ot Large exoyenous electric tields upon synchronous function 

of nonspecialized neuromuscular tissues (Table 3) was discovered [30] in son. 
nonelectric tish (Uranoscopus scaber). In some fish, perception of electric w 
tields occurs by means of specialized electroreceptors or (in their absence) 
directly by neuromuscular structures or receptors intended tor percept ion ot 
nonelectric stimuli. Ihe tollowing chart illustrates the signiticance ot bio- 
electric tields of tish [on the next page]. 


, 


We should dwell in particular on the possibility that tish use their bioelectric 


tields in Shoal behavior. lit was established that there is Summation ot bio- 


electric tields ot individual specimens in excited moving shoals of fish [31, 











sey. There is summatlon of energy and amplitude, with tormatton of a single 
electric field ot the shoal, which apparently assures the simultaneousness of 
maneuvers of all specimens in the shoal, The opinion is held [30] that the 
overall electric field of a shoal is used by fish for navigation purposes, by 
tweans of interaction of tish shoal currents with the geomagnetic field. 
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Figure 2. Electric tield of dipole type currents in fish (boldface line, 
tail on the right) [70]. The numbers refer to equipotential 
lines (mV) 


ln the course of evolution, tish developed the capacity to use their bioelectric 
tields in various areas of their activity, and evolution ot different systematic 
vyroups in this direction proceeded independently (in parallel), which is indi- 
cative ot the possibility of development of similar morphofunctional distinc- 
tions in virtually all representatives of the fish class, 


[In general, we cannot deny the possible role of bioelectric fields on the supra- 
organismic level in other aquatic organisms, rather than only in fish, for 
orientation (navigation) and maintaining communications between specimens in 
communities and shoals [herds]. 


A bioelectric field was tirst discovered in the air environment in 1949, at 
distances of up to several millimeters around the frog's sciatic nerve [55]. 
Later, it was recorded in experiments on frog muscles and the human forearm 
with a special antenna at a distance of 1 cm. Gulyayev obtained the best 
results with remote [without contact] registration of biopotentials [8, 19]. 
Modern equipment permits demonstration ot an electric tield at a distance 0! 
several meters away from man, 





lt is believed that the overall eleccric tield ot terrestrial organisms con- 
sists of at least two parts: electrotonic, Which is related to activity ot 

individual organs, and triboelectric, which is due to mechanical movement ot 
parts of the body carrying a superficial electric charge [7, 34]. Electric 


activity of the muscular and nervous system (chiefly the heart, muscles, brain) 
makes a particularly large contribution to generation of the overall bioelectric 
field around an organism, to a lesser extent blood flow [2] and secretory organs 








{33} are implicated. With regard to the triboelectric component, it should be 
noted that generation of an electric tield in, tor example, bees is related 

to the capacity of chitin integuments to carry a relatively high electrostatic 
charge [17]. This also applies to animals with well-developed pelage. 


The question of the role of bioelectric fields surrounding terrestrial organ- 
isms is still debatable. Theoretically, by analogy to aquatic animals, it can 
be assumed that the tields have some involvement in organism-environment and 
organism-organism relations. It is considered quite possible that exogenous 
electromagnetic fields can affect the organism via its bioelectric fields [1l, 
L5, 16, 27-29]. Come researchers [28, 36] tend to attribute such, seemingly, 
diverse phenomena as changes in incidence of traffic accidents, mental illness, 
harvest, etc. to the link between the organism and changes in environmental 
electromagnetic tields [36, 54, 78]. On the basis of a large amount of facts, 
it can be concluded that bioelectric tields are an objective reality, an in- 
alienable feature of all that lives. Moreover, electric activity of cells and 
tissues has been used more than once in evolution of different systems. High- 
speed conduction ot electric impulses was able to develop on its basis; an 
entire group of tish developed the amazing capacity to generate and perceive 
strony electric tields and use them in different areas of their activit). We 
can assume that bioelectric fields are involved in processes ot morphogenesis, 
growth and regeneration, as well as nerveless transmission of information 
within multicellular organisms. 
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EFFECT OF LOCAL VIBRATION ON DIVERS WORKING UNDER WATER 
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Nov 81 (manuscript received 16 Oct 81) pp 32-35 


[Article by A. V. Sterlikov, F. P. Lakhov, V. V. Ivanov and A. K. Belukhin 
(Moscow), Institute of Water Transport Hygiene] 


[Text] In our country, construction of underwater gas and oil lines, dams and 
moorage, which involves considerable work by divers working in ventilated 
gear, is proceeding at a rapid pace. Pick-hammers, pneumatic drills and 

other vibrating tocls are used often in underwater work, Divers make use 
mainly of low-frequency vibrating tools, whose oscillations constitute a fre- 
quency of 10-16 Hz. 


The conditions under which man is exposed to local vibration under water are 
very different from those on the ground, due to the presence of a number of 
aggravating factors: cooling of the working limb and entire body, elevation 
of partial oxygen tension, compression and intensive noise. For this reason, 
it is necessary to work out the hygienic specifications for the diver's 

work tool according to level of vibration it generates. 


Our objective here was to study the effect of local vibration generated by 
a tool on a diver during work, determination of physiological changes and 
dynamics of recovery thereof. 


The studies were conducted on 1l professionally trained divers, who were 
allowed to perform underwater work on the basis of their physical condition. 
They ranged in age from 24 to 36 years, and their qualifications were rated 
as second and third class. The divers worked in ventilated gear and they 

had not previously used vibrating tools. The study was conducted in a tank 
at a depth of 5 m, in which a special support was installed for the vibrating 
tool. Water temperature ranged from 16 to 20°C, air from 22 to 28°C during 
the experiments. 


For work under water, a type S-358 pneumatic concrete breaker, designed to 
break up reinforced concrete, excavate rocks and dig trenches was used. 
Operating pressure of the tool constitutes 6 kgf/cm®, it weighs 18 kg and 
fundamental frequency of vibration is 13 Hz. Overall vibreting rate of the 
tool constituted 130 d™, with prevalence at low frequencies of 8 and 16 Hz and 
123 and 124 dB, respec . vely. 
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We conducted four series of experiments. In all series, the divers worked 
under water for 2 h (maximum time according to GOST 12.3.012-77 "System of 
Standerds for Labor Safety. Work of Divers. General Safety Requirements"), 
divided into 1l5-min segments with 5-min rest periods. 


The tirst was a control series, and the divers worked in tiie same position as 
with a tool, but without delivery of air. In the second series, the subjects 
worked with the teol whose vibrating rate constituted 105 dB. In the third 
series, the vibrating rate of the tool was 120 dB and in the fourth 135 dB, 


The procedure for training and examining the divers before submerging and 
after getting out of the water was as follows: at first, we conducted "back- 
ground" observations before work, which included examination by an otolaryngo- 
logist, measurement ot sensitivity to vibration (using an IVCh-2 instrument), 
rheography of the right arm using a 4-RG-lLA rheographic attachment and Elcar 
clLectrocardiograph, measurement of sublingual temperature and arm tempcrature 
(TEMP-1 electric thermometer), determination of maximum strength of right 

and left hands and static muscular endurance by means of a liquid dynamometer. 


After the diver's ascent, which took 4 min, we determined sensitivity to 
vibration in the 5th min, then 10, 30, 60, 90 and 120 min later. Concurrently 
we performed rheography of the right arm. Ten min after getting out of the 
water we measured sublingual temperature and temperature of the skin of the 
right arm, and after 30 min, after the diver's gear was taken off, we measured 
muscular strength and static muscular endurance, 


The methods of examination were selected in accordance with the "Methodologica 
Recommendations for Setting up Differentiated Standards for Local Vibration," 
approved by the USSR Ministry of Health. 


The 
static endurance, 


Dynamics of changes in sensitivity to vibration of divers working under 
water (Mtm, » = 11) 


1 


Table Lists the estimates of sensitivity to vibration, maximum strength and 
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; Vibration frequency, Hz Hz 
Series —_——_-— —_ 
16 | oe | os | 25 | 250 | 500 
1 contgol) | | 
ase 16.04 3,87 15.7%4,3k 16824,09 3,142.89 |} 6 & £3,62)/10.025 99 
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60 " " " 16,62 4,21 | 16.343,97 | 4.6 £1.65) 4,521,602 6,2£2, 09/9432 3. 14 
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) = = 
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-- 3 
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In all cases, the rheographic index presec: *ed changes in different directions, 
so that it could not be used to determine the nature of changes in blood flow 
rate in arm vessels of divers after work, and for this reason this parameter 
is not discussed hereafter. 


We observed an increase in sensitivity to vibration after the subjects had 
spent time under water. It was the most marked at high frequencies, regard- 
less of level of vibration. At low frequencies (16 and 32 Hz) the temporary 
shift of thresholds of sensitivity to vibration progressively increased with 
increase in vibration level. 


Time ot recovery of vibrosensitivity increased with increase in vibration level. 
Thus, at frequencies of 16 and 32 Hz, vibrosensitivity was restored after 60, 
90, 120 and 135 min in the four series of experiments. 


Maximum muscular strength and static endurance diminished during exposure to 
vibration. Body temperature dropped by 0.9=2.4°C and skin temperature of the 
arm by 2.7-4.6°C during submersion, in all series of experiments. 


In the fourth series of experiments, the subjects complained of pain in the 
hands, cooling of the wrists and arm, as well as paresthesia. These signs dis- 
appeared 3-4 h after terminating the work. 


The effect of local vibration on the diver is cowbined with a number of factors, 
which enhance the physiological changes it elicits. These factors include 

local and general cooling, static tension due to the contrived position. 
Synergism of these factors with regard to local vibration has been well-proven 
for conditions on land (N. N. Malinskaya; M. F. Stoma). 


Moreover, such specific factors of underwater conditions as elevation of oxygen 
pressure and compression may also enhance the adverse effect of vibration on 

man when working under water. Breathing a gas mixture with high partial oxygen 
pressure itself leads to a decrease in blood flow and development of capillary 
spasm (G. L. Zal'tsman et al.); apparently it should increase capillary spasm 
elicited by local vibration. As a result of compression, blood is driven from 
vessels of the hands, particularly capillaries. This worsens tissular circula- 
tion, increases the cooling effect of water and, apparently, alleviates develop- 
ment of capillary spasm as a result of vibration. 


The combined effect of the above-mentioned factors could be so strong that 

the changes in physiological parameters they elicit become capable of obscuring 
the effect of vibration proper. Thus, in the control series of experiments, dur- 
ing which the divers merely submerged and were not exposed to vibration, they 
presented marked decrease in vibrosensitivity at high frequencies (63 Hz or 
more) and less marked decrease at low frequencies (16 ard 23 Hz). However, it 
was the same at high frequencies as after 2 h of exposure to vibration with 
intensity of 105-135 dB, whereas at frequencies of 16 and 32 Hz we observed 
progressive increase in temporary shift of thresholds of vibrosensitivity with 
increase in vibration level. Thus, at frequencies above 32 Hz, vibrosensitivity 
was not an informative parameter, with regard to quantitative characteristics 

of local vibration generated under water by a pick-hammer. Moreover, this could 
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be due to the fact that the maximum energy of vibration in the concrete breaker 
used in the described experiments was concentrated at low frequencies (16 and 
32 Hz). 


We selected the changes in parameters of vibrosensitivity at low frequencies, 
which are observed on the ground at the end of a work day in individuals 
working with vibrating tools (A. M. Mikul'skiy; Z. M. Butkovskaya et al., and 
others) as criteria of permissible effects of local vibration on divers after 
diving for the maximum permissible time (2 h) and the criteria of permissible 
changes in maximum muscular strength and static endurance according to the 
"Methodological Recommendations for Setting Differentiated Standards for 
Local Vibration With Consideration of Vibration Force Characteristics." 


A comparison of the results of our experiments to the above-mentioned criteria 
revealed that at up to 120 dB levels of vibration the changes caused by it 

can be considered permissible, since they do not exceed the ranges designated 
by the chosen criteria. The only exception was a somewhat longer time of 
recovery of vibrosensitivity after work. If, however, the vibration level 
exceeded 120 dB (fourth series of tests), the subjects presented drastic and 
significant increase in vibrosensitivity, slow recovery thereof, excessive 
increase in maximum muscular strength and static endurance, appearance of 
unpleasant sensations in the region of the hands--paresthesia, pain, etc. 


Thus, 120 dB should be adopted as the permissibie level of local low-frequency 
vibration under water with total duration of dive of no more than 2 h. 
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UDC 616.7-006-07 :612,014.47 
EFFECTS OF HYPOKINESIA ON INDUCTION OF BONE TUMORS 


Leningrad VOPROSY ONKOLOGII in Russian Vol 28, No 3, Mar 82 
(manuscript received 3 Aug 81) pp 77-81 


MAKAROV, M. A. and CHERKASSKIY, L. A., Semipalatinsk Medical Institute 


[Abstract] Investigations were undertaken on 148 rabbits to evaluate the 
effects of hypokinesia on the induction of osteosarcoma by the injection of 
7,l2-dimethylbenzanthracene into the tibial metaphysics. For immobilization 
the animals were pleced into 46 x 17 x 19 em holding boxes for 23 h per day; 
the animals were injected with the carcinogen either concomitantly with 
initiation of hypokinesia (Group I), 15 (II) days or 60 (III) days after 
hypokinesia. A fourth group was treated only with the carcinogen. The results 
showed that the onset of osteosarcoma in groups I, Ii, III, and IV was 
detectable 125, 113.9, 124.5 and 197.6 days after the injection. In addition, 
the hypokinetic animals displayed thymic atrophy and adrenocortical hyper- 
trophy. The overall incidence of osteosarcoma did not vary significantly 
among the groups. The results were interpreted to indicate that hypokinesia 
favored carcinogenesis, via a combination of mechanisms involving stress 
(elevated corticoid excretion) and immunodeficiency(thymic atrophy). 

Figures 2; references: 10 Russian, 


[228-12172 ] 


UDC 616,.831-007:616, 89 


CONSTITUTIONAL ANOMALIES OF THE BRAIN AS BIOLOGICAL COMPONENT IN MECHANISM 
OF MENTAL ILLNESS 


Kiev VRACHEBNOYE DELO in Russian No 4, Apr 82 (manuscri;. received 15 Sep 81) 
pp 96-99 


CHUDNOVSKIY, V. S., Chair of Psychiatry, Kuybyshev Medical Inst: tute 


[Abstract ] Neurologic, radiologic and EEG studies on a large cohort of 
patients with schizophrenia, manic-depressive syndrome, and depression have 
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provided evidence for the presence of "microorganic" constitutional anomalies 
of the brain and the cranium. Such anomalies also frequently appear in 
siblings and other close relatives, The available correlation of findings 
indicates that such anomalies may underline or predispose mental disorders, 
and the concept of the constitutional brain anomaly syndrome (CBAS) is there- 
fore advanced as a nonspecific basis for the various nosologic forms of mental 
illness. Although CBAS is not a manifestation of disease per se, it may 

serve as an indication of such predisposition, References: 10 Russian, 
[251-12172] 


UDC 612.45 + 612,884 
FUNCTIONAL STATUS OF SYMPATHETIC-ADRENAL SYSTEM IN RATS IN NOCICEPTIVE STRESS 


Leningrad FIZIOLOGICHESKIY ZHURNAL SSSR IMENI I. M. SECHENOVA in Russian 
Vol 67, No 8, Aug 81 (manuscript received 27 Jun 80) pp 1182-1187 


MANUKHIN, B. N., PAVLOVA, V. I., PUTINTSEVA, T. G., VOLINA, Ye. V., 

BERDYSHEVA, L. V., KURBANOVA, G. D., SHLIVANOVA, G. P. and MEYERSON, F. Z., 
Laboratory of Physiology, Institute of Biology of Development imeni N. K. 
Kol'tsov, USSR Academy of Sciences, Moscow; Laboratory of Cardiac Pathophysiol- 
ogy, Institute of General Pathology and Pathological Physiology, USSR Academy 
of Medical Sciences, Moscow; Department of Human Anatomy and Physiology, 
Chelyabinsk Pedagogical Institute 


[Abstract] A comprehensive study was made of the functional status of the 
sympathetic-adrenal system under nociceptive stress (5 hours) in rats: 

dynamics of catecholamine content in the regulatory parts of the system and in 
peripheral organs were compared, and synthesis and neuronal capture of 
norepinephrine and sensitivity to norepinephrine in isolated organs (myocardiun, 
small intestine, vas deferens, corpus striatum, hypothalamus, adrenals) were 
assayed at various rcriods (2 and 24 hours and 2, 5 and 10 days) following 
cessation of stress. Findings showed that catecholamine content fell 23-35% 

in all organs studied, except the vas deferens, immediately after stress, and 
for the next 2 days; norepinephrine levels were elevated in the adrenals after 
24 hours; in the myocardium and small intestine norepinephrine levels reached 
minimums after 1 day. In subsequent periods catecholamine content increased 

in all organs, reaching 80-90% of initial levels after 5 days. Neuronal 
capture of H3-labeled norepinephrine dropped 42% immediately following stress, 
remaining at this level for 2 days, ead then reaching 87% normal after 5 days. 
The postsynaptic wing was also studied with regard to epinephrine sensitivity 

in the vas deferens and small intestine. Findings are discussed with refer- 
ence to regulatory and compensatory adrenal functions. Figure 1; references 16: 
ll Russian, 5 Western, 


[283-9642 ] 
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UDC 612.014.4:615.5 


CHEMICAL (DRUG) STRESS--A QUALITATIVE EVALUATION OF TOXIC EFFECTS OF 
PHYSIOLOGICALLY ACTIVE SUBSTANCES 


Moscow IZVESTIYA AKADEMII NAUK SSSR: SERIYA BIOLOGICHESKAYA in Russian 
No 3, May-Jun 82 (manuscript received 5 Dec 81) pp 398-05 


DMITRIYEVA, N. V., NIZHNIY, S. V. and IVANOVA, I. V., Scientific Research 
Institute for the Biological Testing of Chemicals, Kupavna 


[Abstract ] Investigations were conducted on outbred male rats to establish 
the physiological parameters reflecting unsatisfactory adaptive responses 
following administration of various doses of drugs. Establishment of the 
threshold levels at which drugs induce homeostatic changes should provide a 
more sensitive indicator of drug toxicity than the currently-employed determi- 
nations of LD values. Actual evaluation of 38 drugs with respect to induced 
changes in the ECG, the respiratory rate, systolic blood pressure, and 
plethysmographic findings showed that an overall parameter can be derived 
which represents a summation of individual changes in the parameters in ques- 
tion, The numerica’ value so derived can be correlated with an adequate 
adaptation to the stressful agent (i.e., drug), strained adaptation, decompen- 
sation, and breakdown of adaptive mechanisms. References 40: 6 Western, 

34 Russian, 

[319-12172] 
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RADIATION BIOLOGY 


UDC: 577.391:576. 314 
STRUCTURAL CHANGES IN PLASMA MEMBRANE UNDER INFLUENCE OF ION{ZING RADIATION 


Moscow USPEKHI SOVREMENNOY BIOLOGITI in Russian Vol 93, No 2, Mar-Apr 82 
pp 183-195 


{Article by B. S. Fomenko and I. G. Akoyev, Institute of Biological Physics, 
USSR Academy of Sciences, Pushchino, Moscow Oblast ] 


[Text] There is discussion of changes that arise in the 
Oligosaccharide layer of the surface of the cell membrane, 
in the protein and lipid phases of membranes under the 
influence of radiation, as well as possible schemes of 
formation of structural changes in the membrane. 


Introduction 


[n connection with the advances in general investigation of structure and func- 
tion of biological membranes, in the last few years there has been overt prog- 
ress in the field of membrane pathology. Suffice it to mention that more 

than half the works cited in this article, which deal with the effects of 
ionizing radiation on membranes, are referable to the last 4-5 years. In 
recent years, radiobiological research was focused on the study of molecular 
bases of structural membrane changes induced by radiation, as well as deter- 
mination of their role in development of cell pathology. In addition, studies 
have begun of ‘the influence of the state of irradiated cell membranes on their 
radiosensitivity. 


We have made an effort here to summarize the experimental data available to 
us concerning structural changes in the plasma membrane of irradiated cells 
and describe the possible mechanisms of these changes, which ensue from these 
data. We hope that this will be instrumental in formulating new objectives 
for future research in this direction, and that it will be useful in inter- 
preting the changes in permeability of the plasma membrane, recognition 
reactions, response of irradiated cells to exogenous regulatory factors and 
other disturbances related to the plasma membrane, which are observed in the 
postradiation period. 


Superficial Oligosaccharides--Glycocalyx 
Oligosaccharide chains of glycoproteins form a distinct near-membrane layer 


on the outer surface of the plasma membrane. its thickness can reach 30 nm 
in an erythrocyte membrane [132]. For the sake of comparison, let us mention 
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that the thickness of the lipid bilayer is 6-7 nm, while that of the membrane, 
including protein layers, is 9 nm, as demonstrated by electron microscopy. The 
oligosaccharide chains have sialic and neuraminic acids and chondroitin sul- 
fate at their ends, whereas the erythrocyte membrane contains only sialic acid. 
These residues given the cell surface a negative charge [126]. 


In most studies, the electrokinetic potential of cells served as the chief 
source of information about the effects of ionizing radiation on the oligosacchar- 
ide layer. The electrokinetic potential of colloid systems is highly radio- 
sensitive: oscillating fluctuation of potential on them was observed after 
radiation doses of hundredths and tenths of a Gy* [53], gave grounds for Bacq 
and Alexander [1] for an optimistic assessment of the prospects of using this 
criterion in radiobiological studies. It was assumed that, if the electro- 
kinetic potential of cells would demonstrate such high radiosensitivity, a 
number of changes on the membrane and cell levels could be attributed to this 
effect of radiation. We succeeded in finding a preliminary report [124], as 
well as a reference [63] to the research of Japanese radiobiologists, who 
demonstrated oscillating vibration of the cellular surface potential after 
exposure to low doses of radiation. We do not know of any subsequent publica- 
tions by the above-mentioned authors in this field. In other studies, which 
we shall discuss below, the nature of the radiation-induced change in surface 
charge was basically different from the one observed in colloid systems. 


It has been established that a reduction of quantity of negatively charged 

groups on the cell surface is demonstrable immediately after irradiation only 
when very high doses are used: 200-800 [125] and 2000-4000 Gy [99]. In the 
latter instance, we cannot rule out the contribution ot radiation-induced des- 
truction of carbohydrates to the observed etfect. With lower doses, there was 

no change in quantity of negatively charged groups directly after irradiation 

on the surface of examined cells (mouse L cells, mouse fibroblasts, monkey kidney 
cell culture in monolayer, erythrocytes, Ehrlich's ascites tumor cells and 
others) [68, 106, 107, 110, 118, 125]. However, there was a decrease in electro- 
phoretic motility during postradiation incubation of cells [68, 74, 105-107]. 

A maximum decline of potential occurred after incubation for 4-6 h; with higher 
doses of radiation, there was more intensive decline of surface potential. 

This process was also related to radiosensitivity of the cells. Modifiers 

of radiation damage affected the lethal effects of radiation and radiation- 
induced change in cell surface charge in the same direction [75, 100, 104]. 

The change in the cell surface developing in the postradiation period could 

be demonstrated by a method that is more sensitive than measurement of electro- 
kinetic potential, which is based on recording the accessibility of superficial 
carbohydrate receptors for binding of labeled lectin [64]. 


An attempt was made to attribute the decrease in number of negatively charged 
groups on the surface of cells exposed to low doses of radiation to loss of 

part of their glycoproteins and carbohydrates. However, experiments revealed 
that the sialic and hialuronicacid, as well as chondroitin sulfate content on 
the surface of irradiated and incubated cells (tumor cells differing in radio- 
sensitivity, erythrocytes and their shadows) remained at the original levels 
during the period of maximum decrease in electrophoretic mobility [52, 102, 103, 





*] Gy = 100 rad. 
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106, 107], and it is only on B and T lymphocytes that chemical techniques 
demonstrated migration of part of the Surface glycoproteins to the supernatant 
[36]. Since the amount of glycoproteins and carbohydrates migrating to 
Supernatant was obviously insufficient to explain the decrease in levels thereof 
on the surface, the authors [36] concluded that this process is not the prime 
one in postradiation damage to the surface, even in such radiosensitive cells 

as lymphocytes. 


Most researchers view the occurring changes from the standpoint of structural 
reorganization of membranes [36, 63, 74, 102, 107, 109]. The following facts 
are in favor of such reorganization. The amount of carbohydrates responsible 
tor the negative surface charge is not, as we have just stated, subject to 
appreciable changes. After irradiated cells were treated with neuraminidase, 
hyaluronidase and chondroitinase during the period of maximum decline of 
electrokinetic potential, i.e., with enzymes that split sialic and hyaluronic 
acids and chondroitin sulfate, the electrophoretic motility of cells decreased 
to the same levels as motility of nonirradiated cells treated with the 
appropriate enzymes [107]. Blocking the carbohydrate receptors of the cell 
surface with lectins prior to irradiation prevented the radiation-induced decline 
of electrokinetic potential [101, 102, 109]. When lectins were added at differ- 
ent postradiation times, the decline of electrokinetic potential stopped for a 
while at the level reached at the moment of lectin treatment. The profiles of 
pH dependence of electrophoretic mobility of irradiated and nonirradiated 

cells did not coincide [52]. There was a maximum postradiation decrease in 
quantity of negatively charged groups on the surface during incubation at 20° 

or higher, and none at 10-12° (101, 106, 107, 111]. ‘The range of temperatures 
from 10 to 20° corresponds to the region of phase transfer of membrane lipids 

of most cells. The magnitude of demonstrable difference between electrokinetic 
potential of irradiated and nonirradiated cells is a function of ionic strength 
of the recording medium [99, 106, 107]. 


Among other effects of radiation on the carbohydrate layer of the membrane, we 
should mention depression of Ca*+ binding capacity in the postradiation period 
(99, 123]. On the cell surface, Ca*t binds primarily with negatively charged 
residues of the oligosaccharide layer [128]. 


The data, which we discussed above, were obtained on cells exposed to radiation 
in vitro. Comparative experiments, which were conducted on thymocytes exposed 
in vitro and in vivo to radiation in sublethal dosage for animals, revealed 
that in both cases the magnitude of their surface charge diminished after 
irradiation at about the same rate and to abou the same extent [7, 80]. 

Lectin bonding by carbohydrate receptors of blood lymphocytes exposed to 
radiation in a sublethal dose for animals [66] and cells irradiated in vitro 
[67] was impaired in a similar way. We have no data to indicate that there 

is a different behavior in carbohydrates of the oligosaccharide layer of the 
membrane surface after irradiation of cells in vitro and in vivo. 


Thus, the main effects of radiation on the carbohydrate layer of the cell sur- 
face that have been described in the literature are as follows: decrease in 
number of negatively charged groups on the surface, inhibition of Ca*+ binding 
capacity and impaired accessibility of carbohydrate receptors for lectins. 
Perhaps, the same mechanisms that affect shielding of carbohydrate receptors 
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are also involved in impairing immune properties of irradiated lymphocytes [47, 
48, 88]. Apparently, loss of glycoproteins from the surface [36], slower syn- 
thesis thereof in Golgi's apparatus [66] and impaired transport from the site 
of their synthesis in the cell to the cell membrane [67] could make some coutri- 
bution to these radiation effects (on radiosensitive cells); however, in the 
opinion of these and previously cited authors, the main process is structural 
reorganization of the membrane, in which some of the charged carbohydrate 

groups on the surface shift to deeper membrane layers. According to estimates 
made by Japanese researchers [102, 107], based on the dependence of electro- 
kinetic potential on ionic strength of recording medium, after irradiation of 
cells some of the negatively charged groups migrate from the superficial layer 
of O-0.9 nm to a depth of 1-1.6 nm. (The authors used the mathematics developed 
for colloid systems in their calculations.) 


Membrane Proteins 


[It is unlikely that anyone questions the fact that membrane proteins undergo 
structural changes in the postradiation period. This is indicated, in parti- 
cular, by the results of studies of cooperative and conformational properties 
of membrane enzymes [14, 20, 29]. It is a more complicated matter to state 
how the protein changes occur, which protein groups are involved, etc. 


The external surface of the lipid bilayer of the erythrocyte membrane (see 
Figure 1) is covered with integral protein (band 3 on electrophoregrams; it 
constitutes 25-27% of all membrane proteins), which bisects the bilayer, 
and the glycoprotein, glycophorin A, which also traverses the hydrophobic part 
of the membrane [71, 117]. It is assumed that the protein layer of the outer 
surface of the membrane is 1 nm thick [132]. Part of the molecule of the main 
integral protein and glycophorin A, spectrin, an actinoid protein and, perhaps, 
glucose-6-phosphate dehydrogenase are situated on the inner surface of the 
lipid bilayer. The other membrane proteins are minor ones. 
GL 
Main membrane proteins: 
1, 2) spectrin 
3) main integral protein 

















\ / Vf) 2 4) actinoid protein 
4 m= 5) glyceraldehyde-3-phosphate dehydro- 
| genase 
(Proteins numbered 1-3 correspond to bands 
—— on electrophoregrams in a system of dodecyl- 
J ZOD OR sulfate and polyacrylamide gel; proteins 4 
' ° and 5 are represented by bands 5 and 6; 
Figure l. band 4 corresponds to unidentified proteins) 
Diagram of structure of GL) the glycoprotein, glycophorin A 
erythrocyte membrane The short lines on JL and protein in band 


3 refer to carbohydrate chains 


[t was determined that there is a decrease in number of SH groups of overall 
membrane proteins after in vitro irradiation of erythrocytes or membrane pre- 
parations [8, 84, 114, 119, 120]. This decrease is related to formation of 
disulfide bonds [8, 81], which implies involvement of SH groups in structural 
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changes in membrane proteins, An analogous decrease in number of SH groups 

was demonstrated on the outer surface of the lipid bilayer of Ehrlich's ascites 
cells [37] and erythrocyte membrane, where SH groups are referable mainly to 

the principal integral protein [114, 120]. In these experiments, registration 
of superficial SH groups was made using p-chloromercuribenzenesulfonate, which 
does not penetrate through the membrane [49]. Are disulfide bonds formed in the 
surface layer of proteins? We have no data on this score. 


in the postradiation period, there is also a change in accessibility of protein 
amino groups for labeling with medium counterion, 2,4,6-trinitrobenzenesulfonic 
acid (TNBS). This reagent is specific for amino groups, with which it forms 
covalent bonds; the erythrocyte membrane is not permeable for it [55]. Conse- 
quently, the data obtained with its use are referable to amino groups of 
proteins of the external membrane curface. It has been est »lished that 

with TNBS labeling of erythrocytes ‘n vitro or those obtained from irradiated 
animals [30, 31] there was an appreciable decrease in quintity of label bound 
by membrane proteins. The radiation effect was demonstrable 15-30 min after 
exposing animals to the minimum absolutely lech:] dose of radiation. The 
maximum difference between irradiated «nd nonirradiatec erythrocytes w2s ob- 
served in the case of brief incubation of erythrocytes with TNBS. With in- 
crease in staining time, there was gradual increase to the control level of 
tracer incorporation in proteins of irradiated erythrocytes. This shows that 
increasing shielding, perhaps by the oligosaccharide layer above them, rather 
than deamination of proteins played the leading role in reducing the amount 

of protein-bound TNBS. 


Our data on accessibility of protein amino groups for TNBS conform well with 

the results of erythrocyte studies using the method of lactoperoxidase iodina- 
tion [122]. This method is specific for superficial proteins, and the enzyme 

does not penetrate through the lipid bilayer. On the erythrocyte surface, the 
tracer is bound almost exclusively with the tyrosine of the main integral protein. 
Experiments have shown that there was depression of protein labeling after ir- 
radiation of erythrocytes. Authors attribute this radiation effect to changes 

in the membrane, which make access to proteins difficult for lactoperoxidase. 


It is not deemed possible to explain the diminished accessibility of tyrosine 
to lactoperoxidase by its migration to a more hydrophobic environment. As 
shown by experiments involving irradiation of erythrocyte shadows, even in 
doses that are sublethal to radiosensitive mammals, the parameters of fluores- 
ence of tryptophan (intensity, long-wave shift and polarization of fluores- 
cence) presented changes upon excitation of tyrosine and tryptophan that are 
inherent in a decrease in hydrophobism of the environment [135, 136]. The 
distance between tyrosine and tryptophan residues increased. There are no 
grounds to beiieve that this effect is related to formation of disulfide bonds, 
since radiosensitizing agents that react with SH groups (N-ethylmaleimide and 
dithiopyridine) have the same effects. Finally, although these results were 
obtained on irradiated membrane preparations, rather than membranes of irradi- 
ated cells, it can be assumed that with irradiation of cells the membranes will 
also undergo analogous changes, since fluorescence of whole cells demonstrated 
similar changes [77, 89]. 
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Of the other changes induced by radiation in plasma membranes, we should men- 


tion the decrease in immobilization of spin-maleimide tracer on SH groups [54, 70], 


as well as greater accessibility of proteins of the external erythrocyte surface 


to proteolytic enzymes~—trypSin, papain, chymotrypsin and pronase, but not carboxy- 


peptidase [83]. Erythrocytes that have not been previously damaged in any way 
are not attacked by these enzymes. Other studies of Ehrlich's ascites tumor 
yielded findings, which the authors [74] interpret as an increase in accessibi- 
lity of membrane lipoprotein lipase to activation by heparin. Finally, it can 
be concluded, on the basis of studies of immune prope:ities of irradiated cells, 
that there is less lateral diffusion of membrane glycoproteins in the post- 
radiation period [27, 47, 48]. 


Thus, all proteins of the plasma membrane demonstrated postradiation oxidation 
of sulfhydryl groups with formation of disulfide bonds, increased motility and 
depression of lateral diffusion of proteins, as well as change in their confor- 
mation. Moreover, it was demonstrated that proteins of the outer surface are 
more accessible to proteolytic enzymes and there is greater shielding of some 
groups (amino groups and tyrosine residues). For this reason, we cannot rule 
out the possibility that the decrease in number of SH groups on the outer 
surface is also related to greater screening thereof in the molecule or layers 
situated above them. 


Lipid Phase 


Cell and membrane lipids have been the subject of many radiobiological studies. 
The results thereof have been repeatedly discussed in the literature [5, 6, 17]. 
The main conclusion of these studies is that activatior ot peroxidation of 
lipids (POL) in the postradiation period is no exception tor the plasma mem- 
brane as well [15, 54, 82, 85, 9, 95, 119]. The presence of oxygen is a manda- 
tory condition for activation of POL. It is assumed that POL activation occurs 
during irradiation in the course of interaction between radiation-induced fatty 
acid radicals and oxygen, and that a free-radical chain mechanism is involved. 


However, our experiments with erythrocyte membranes revealed that the presence 
of oxygen during irradiation is not a mandatory condition for postradiation 
activation of POL, and activation is possible even after irradiation under 
anoxic conditions. The Table shows that the level of products that react with 
thiobarbituric acid immediately after irradiation of erythrocyte membrane pre- 
parations does not differ from the base level. However, there was accimulation 
of POL products during postradiation incubation, in the case of exposure to 
radiation in both the presence and absence of oxygen. In the case of irradia- 
tion under anoxic conditions, 3-4 times larger doses than in the case of irradi- 
ation in the air were needed for the same degree of POL activation. It should 
be stressed that POL activity with irradiation under anoxic conditions was the 
same when oxygen was added to the samples right after irradiation or after 
incubation at 37° for 5 h. Apparently, the levels of .ree radicals were sub- 
stantially lower in the incubated samples than right after or during irradia- 
tion. Finally, addition of EDTA ormethylene blue to erythrocyte shadows 

right after irradiation in air or anoxia suppressed virtually entirely the 
postradiation activation of POL in both cases. The mechanism of the inhibiting 
effects of EDTA and methylene blue on POL has been well-studied, and it consists 








of depression of Fe*t-dependent initiation of chains of oxidation of unsaturated 
fatty acids. In the case with erythrocyte shadows, this may be Fe*+ of hemo- 
plobin. The impression is created that, when membranes are irradiated in the 
presence or absence ot oxygen, conditions appear in the membrane, first of all, 
that favor POL activation, whereas activation itself emerges as the conse- 
quence of acceleration of the process of peroxidation of lipids, which is 
continuous in membranes, during which initiation of chains occurs by means 

of the usual mechanisms, 


Effects of irradiation conditions and postradiation incubation of 
erythrocyte membranes on level of malonic dialdehyde (MDA) 

















Warten MDA, mM/100 mg ;rotein 
1 2 

Control 18.5%1.1 21.9+1.2 

0.25 kGy in air 18.8+0.8 39.14+1.2 

Same + 2 mM EDTA after irradiation ~ 23.442.1 

Same + 50 UM methylene blue after irradiatiun in - 25.244.0 

dose of 1 kGy in anoxia + 0» immediately after 18.7+0.7 42.3+2.7 
irradiation 

| kGy in anoxia at 37° + 02 5 h after anoxia 18.3+1.1 42.34+2.3 

| kGy in anoxia + 2 mM EDTA after irradiation - 24.741.5 

1 kGy in anoxia + SD uM methylene blue after - 26.4+3.1 
irradiation 


Note: 1) right atter irradiation 
2) after incubation for 5 h at 37° in the presence of 0, 


It was also established that Ca*t, Triton X-100, pronase, neuraminidase, p- 
chloromercuribenzenesulfonate, dithiotreitol and several other agents affect 
the postradiation rate of POL. All of them are membrane-active agents, which 
are capable of modifying its structural state. It can be assumed that one 

of the conditions instrumental in activation of POL is the structure-modifying 
effect of radiation. The question of involvement of the so-called structural 
factor in regulating the rate of POL has been discussed repeatedly in the 
literature [6, 9, 10, 17, 18, 22, 26, 57, 58, 129, 136]. As shown by radio- 
biological studies, the motility of the lipid phase, measured by fluorescent and 
spin probes, increased after exposing membrane preparations to ionizing radia- 
tion [15, 41, 46, 54, 70, 94, 95, 134], and there is also increase in rotatory 
{135] and lateral [136] diffusion of fatty acid chains and phospholipids. Con- 
sequently, there is an increased probability in irradiated membranes that 
unsaturated fatty acid bonds will be in a state that is more susceptible to 
oxidation. With high doses of radiation, a change in mobility of the lipid 
phase is demonstrable immediately a ter exposure, and with low doses it 
develops some time after exposure [134]. 


Perhaps, the influence of the structural factor on POL rate is mediated by a 
change in conformation of unsaturated bonds of fatty acid chains [92], which 

can be affected by the state of the lipid phase. In this and other studies 

[54, 70], the membranes were irradiated in the presence of oxygen. Consequently, 
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activation of POL could be the cause of changes in mobility of lipids. How- 
ever, this interpretation tor the change in lipid mobility does not apply to 
the instances where membrane preparations were irradiated under anoxic condi- 
tions [95]. 


[In conclusion, we should like to note that the rate of POL and mobility of 

the lipid phase are interrelated processes, In the radiobiological literature, 
emphasis is usually laid on the role of the process and products of POL in 
membrane damage, and the central place in activation of POL is given to the 
stage of interaction between radiation-induced fatty acid radicals and oxygen. 
We tried to stress, in our selection of literature, that this mechanism of 

POL activation in the postradiation period is, at least, not the only one,while 
the radiosensitizing effect of oxygen, including activation of POL, is not 
limited to its involvement in oxidation ot fatty acids under the influence of 
radiation. It appears quite likely that the radiation-induced structural 
changes in membranes 4aiso serve as a factor in activation of POL, on the one 
uand, andon the other hand they could be the consequence of POL activation. 


Possible Schemes of Membrane Disturbances 


The data available to us enable us to maintain unequivocally that the 
postradiation changes in membranes are not necessarily due to impairment of 
intracellular processes. As shown by studies of irradiated membrane prepara- 
tions, they undergo the same changes (decrease in number of sulfhydryl groups, 
hydrophobism of tryptophan environment, Ca*+-binding capacity, quantity of 
negatively charged groups on the surface, change in mobility of lipid and 
protein phases, activation of POL, etc.) as after irridiation of cells [8, 46, 
54, 70, 78, 79, 106, 119, 123, 134, 135] 


The hypothesis has been advanced to explain the decrease in surface charge, 
according to which some of the charged carbuhydrate residues mechanically 
shift after irradiation trom the external membrane surface to a depth of l- 
1.6 nm [102, 107]. Protein SH groups are involved in the migration of charged 
surface groups to deeper levels [51, 100, 108]. Perhaps, contractile proteins 
play some part in this process, as they displace glycoproteins vertically, 

in relation to the membrane [107, 108]. 


However, this is far from a complete scheme, since it does not take into con- 
sideration the complex nature of correlations between membrane molecules. Thus, 
strong electrostatic interactions are observed between polar heads of phospho- 
lipids, phospholipids and proteins, phospholipids and sialic acid of glyco- 
protein, within the proteins, between sialic acid and proteins [71-73, 127]. 
And the vertical shift of proteins could be due to change in mobility of the 
lipid phase [42], whereas change in lipid-protein interactions that do not 
affect lipid mobility could lead to a decrease in surface charge [133]. Con- 
sidering these distinctions, a static scheme of structural change in the 
plasma membrane in the postradiation period could include the tollowing: 

a) impaired continuity of superficial layer of the membrane, perhaps due to 
formation of glycoprotein clusters; b) intensification of noncovalent inter- 
actions between sialic acid residues, on the one hand, and proteins and phos- 
pholipids, on the other; c) attenuation of lipid-protein interactions; d) in- 
creased mobility of acyl chains in the hydrophobic region. From the standpoint 
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of this scheme, it is not difficult to explain many experimental facts, includ- 
ing appearance in the irradiated membrane of sensitivity to proteolytic enzymes, 
intensification of screening of the protein groups studied (amino groups and 
tyrosine residues) against labeling, attenuation of phospholipid shielding, 
decrease in surface charge, as well as the radiation-induced increase in 
sensitivity of plasma membranes to detergents [87, 112], diminished osmotic 
stability of erythrocytes [21, 34], acid [2, 3] and alkali resistance [28], 


resistance to hydrogen peroxide [59], 


(b) 











































































































which we did not discuss above. 
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Figure 2. Possible sequence of radiation-induced events in plasma membrane 
Key: 
a) proteins j) carbohydrate-protein interactions 
b) irradiation k) protein-protein interactions 
c) phospholipids lL) protein-lipid interactions 
d) formation of disulfide bonds, break m) state of polar region of 
in peptide bond, modification of phospholipids 
aromatic amino acids.... n) local changes in fatty acid 
e) decarboxylation, deamination, mobility 
hydroxylation o) effects of process and products 
f{) oxidation of fatty acids of peroxidation of lipids 
g) break in ester bonds p) activation of lipid peroxidation 
h) hydroxylation, dimerization, q) conformation of double bonds, 


deamination.... 

i) formation of locally altered 
regions in modified areas, change 
in conformation of molecule or 
parts thereof 
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In making the dynamic diagram (Figure 2), we took into consideration the fact 
that the POL activation factor could consist of structural disturbances in the 
nembrane occurring under the effect of radiation, as well as the high radio- 
sensitivity of the protein phase of membranes. At the present time, vast 
material has been accumulated concerning the relative radiosensitivity of the 
protein and lipid phases of membranes, On this basis, several authors consider 
the protein phase to be more radiosensitive than the lipid one. To back up 
their view they cite the following facts. It has been established that dis- 
turbances are demonstrable in the protein phase with lower radiation doses than 
those required for the lipid phase [41, 46, 115, 120, 121, 134-136], according 
to the criteria of change in level of SH group and POL rate, as well as physical 
parameters of membranes recorded by means of spin and fluorescent probes (mobi- 
lity, microenvironment). The authors of these studies believe that SH groups 
are the chief target of the membrane. Many facts confirming the important role 
of protein SH groups in radiation damage to membranes were obtained with the 
use of SH reagents [39, 43, 45, 81, 114, 115, 120]. It was demonstrated with 
erythrocytes, thymocytes and other cells that SH blocking agents, both those 
that penetrate through the membrane (N-ethylmaleimide, p-chloromercuribenzoate 
and others) and that do not penetrate it and, consequently, which react with 

SH groups of proteins of the external membrane surface (p-chloromercuribenzene- 
sulfonate and bis-(2-guanidoethyl)-disulfide), increase radiosensitivity of 
membranes according to several parameters, including POL activation [85, 119]. 
These agents per se, without irradiation, have an effect on membranes that is 
Similar to that ot radiation, and they are capable of modifying damage when 
used in the postradiation period. Several authors observed additivity of 
effects of radiation and SH blocking agents [81, 91]. Since various molccules 
participate in reactions with protein SH groups unde: the influence of SH 
blocking agents and radiation, it can be assumed that, in both instances, 

there is impairment of protein organization and, if we consider POL activation, 
lipoprotein structures as well, wherein the similarity of effects of these 

two tactors is expressed. 


We can single out the following stages of formation of changes in the membrane: 
1) Appearance during irradiation of modified groups in membrane molecules, 
that are related to hydroxylation, decarboxylation and deamination in the 
case of exposure without oxygen, and oxidation of fatty acids, break of ester 
bonds in phospholipids in the case of irradiation in the presence of oxygen 
[19, 25, 61, 81, 113]. 2) Stage of generation. It includes appearance of 
local altered regions in the molecule at the impaired sites, involvement in 
this process of spatially adjacent regions of this and adjacent molecules, 
impaired interaction with Lipids, local change in state of phospholipids. 
Analogously, in the lipid phase, formation of a locally altered region is 
possible at the sites of injured polar or nonpolar parts of the phospholipid. 
It should also be borne in mind that, by virtue of the complex interactions 
between molecules in the membrane, there may be a reverse process--intensifi- 
cation of changes in radiation-modified sites [29]. 3, Activation of POL. 
The cause may be free radicals induced by radiation. Nor can we rule out the 
usual mechanisms of initiation of POL, which are affected by the structural 
state of membranes [6, 9, 10, 17, 18, 22, 26, 57, 58]. The role of POL in 
membrane damage is well-known. Finally, in view of the fact that the reci- 
procal location of molecules in the membrane depends on the magnitude of 
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transmembrane potential [90], one must consider the possibility of involvement 
of radiation-induced decline of membrane potential in postradiation change 
in the membrane [32, 33, 38, 50]. 


In constructing the diagram of processes in irradiated membranes, consideration 
was not given to the fact that intracellular processes in cells may affect the 
membranes, enhancing the radiation effect or causing restoration of membranes. 
Thus, when irradiated erythrocytes (but not erythrocyte membrane preparations), 
Ehrlich's ascites cells, lymphocytes and other cells are incubated, the reduc- 
tion of surface charge and in number of glucose-mannose receptors in the first 
4-6 h of incubation is followed by restoration of charge and number of recep- 
tors after 24 h [64, 74, 100, 105, 106, 110]. 


In such specialized cells as erythrocytes irradiated in vitro, there was restora- 
tion otf SH group level, even after exposure to radiation in doses of hundreds of 
vrays [8, 81, 119], membrane permeability [81] and, according to our data, 
accessibility of amino groups of proteins of the external surface to trinitro- 
benzenesulfonic acid. Presence of an energy substrate in the incubation medium 
and incubation at temperatures, at which there are active intracellular pro- 
cesses are mandatory conditions for recovery processes. Restoration of the 
erythrocyte membrane is associated with activation of synthesis and incorpora- 
tion in the membrane of phosphatidic acid, the only phospholipid capable of 
synthesizing erythrocytes [56]. 


Conclusion 


Alper [35] advanced the conception of a membrane as one of the targets in radi- 
ation-induced inactivation of the cell. The results of studies of the effects 
ot ionizing radiation on the structure of the plasma membrane are in complete 
agreement with this view. It was found that the plasma membrane is a highly 
radiosensitive component of the cell, which responds analogously to radiation 
when cells and membrane preparations are exposed, according to severai para- 
meters. In both instances, radiation doses comparable to sublethal doses for 
mammals are sufficient tor induction of changes. Experiments on lymphoid cells 
revealed the same changes in membranes after in vitro and in vivo irradiation 
[74, 75, 77, 80]. In this regard, it is tempting to assume that the radiation- 
induced changes in the plasma membrane may make some contribution to inacti- 
vation of cells when they are irradiated in vivo as well. However, additional 
experiments are required to make this conclusion, 


The research that we have discussed here shows that postradiation changes in 
the cell membrane are reterable to numerous bonds. Without analyzing the 
experimental data obtained from experiments with factors other than radiation, 
let us mention that many ot these changes can be readily simulated in cells and 
membrane preparations, and they are explainable from the standpoint of struc- 
tural reorganization of the membrane, which is associated with change in con- 
formation of membrane molecules and intermembrane interactions, We believe that 
primary radiation damage to membrane molecules, which is related to oxidation 
of fatty acids and SH groups, break of ester, peptide and hydrogen bonds, modi- 
fication of different groups, etc., may play the part of inductor of structural 
changes. Judging from the glycocalyx, the changes induced by low doses of 
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radiation are reversible. This is not associated with POL activation. It is 
observed after exposure to high doses of radiation and, in our opinion, con- 
sidering the numerous data on the effect of the structural factor on POL [6, 9, 
10, 17, 18, 22, 26, 57, 58], we cannot rule out involvement of radiation- 
induced structural changes in the membrane in activation of POL via mechanisms 
that are common to other forms of pathology. 


Is there a link between radiation-induced changes in the plasma membrane and 
disturbances of cellular processes, and what is the nature of this link? We 
can answer these questions unequivocally only with regard to ion homeostasis 
of cells. Most researchers agree that the intensification of flow of Kt from 
cells and Nat into cells, which is observed in the postradiation period, is 
attributable mainly to structural changes in the membrane, as a result of 
which the membranes are more permeable to ions. The experimental research 

on this question has been discussed comprehensively before [91]. 


The postradiation changes described for the cell membrane are not specific to 
this type of membrane, and they are observed on the membranes of intracellular 
organelles. Thus, the negative charge of nuclei of irradiated lymphoid cells 
diminishes, just like the decrease in charge of the cells themselves [103]. 
There are data to the effect that there is a decrease in number of SH groups in 
various cell organelles after irradiation of animals, cells or cell organelle 
preparations [1ll, 23, 130], changes in mobility of lipid and protein phases 
[5], attenuation of lipid-protein interactions [4] and shielding of cell 
organelle phospholipids, which is demonstrable by the accessibility of 
phosphatidylethanolamine to labeling with trinitrobenzenesulfonic acid [13], 
increased sensitivity of membrane preparations to POL induction with Fe*+ [24]. 
Consequently, the patterns described for the plasma membrane are applicable 

to development of postradiation changes in membranes of intracellular 
organelles as well. 
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[Article by V. M. Korshunov, B. V. Pinegin, N. P. Ivanova and V. N. Mal'tsev, 
First Moscow Medical Institute imeni Pirogov and Institute of Biophysics, 
USSR Ministry of Health] 


[Text] Broad-spectrum antibiotics are used to treat intestinal dysbacteriosis 
of diverse etiology, including postradiation dysbacteriosis [1]. Antibiotic 
therapy is instrumental in decontaminating the intestine. In addition to 
pathogenic microorganisms, there is disappearance of lactobacill* and bifido- 
bacteria [8, 10] which, as we know, perform several important and useful func- 
tions [2-4, 7, 9, 12, 13]. For this reason, in addition to antibiotics, 
bifidobacterial preparations are used to restore the microbial cenosis [4, 6], 
and administration thereof is started after antibiotics are discontinued. 
There are some flaws to deferred administration of bifidobacteria, since 

the process of colonization of tlie intestine with commercial bifidobacterial 
preparations is rather lengthy, and there is slow elevation of bifidobacterium 
level in the intestinal tract, whereas exogenous recontamination of the intes- 
tine by conditionally pathogenic bacteria is possible after antibiotic therapy 
is discontinued. On the other hand, use of antibiotics alone could, in turn, 
be the cause of intestinal dysbacteriosis. 


Our objective was to eliminate intestinal dysbactericsis in irradiated animals 
by means of combining antibiotics and preparations of bifidobacteria resistant 
to these antibiotics, and thus prolong the life of these animals. 


Materials and Methods 


Mongrel mice, weigzning 18.0-18.5 g, were exposed to radiation from a GUBE-1200 
unit in a dosage of 700 R (dose rate 180 R/min). Afte irradiation, the animals 
were divided into 4 equal groups of 15-20 mice. The first group of mice was 
given one of the tested antibiotics (kanamycin, gentamycin, ampicillin) intra- 
gastrically and bifidobacteria resistant to the antibiotic used; the second 
group was given only antibiotics at the same times; the third group received 
only bifidobacteria and the fourth group was given sterile saline. The pro- 
grams of administration of antibiotics and bifidobacteria were the same for the 
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first three groups of mice. The daily dose of kanamycin was 1 mg, ampicillin 

| mg and gentamycin 20 yg. The daily dosage of antibiotic-resistant bifido- 
bacteria was 1x10° cells. We used bifidobacterial strain D kan 100, which 

is resistant to kanamycin in a concentration of 100 mg/m&, with kanamycin. With 
gentamycin and ampicillin, we used strain D4a200, which is resistant to kana- 
mycin in a concentration of 50 mg/m, ampicillin in a concentration of 200 jg/ 
m2, gentamycin in a concentration of 2000 yg/m2 and monomycin in a concentration 
of 1000 yg/m2. The antibiotics and bifidobacteria were given together in a 
volume of 0.25 mk. 


We tested three ditferent programs of administration of antibiotics and antibiotic- 
resistant bifidobacteria. The first involved early use of antibiotics: kanamycin 
or ampicillin daily, from the lst to 7th days, and bifidobacteria on the lst, 3d, 
Sth, 7th, lOth, 15th and 20th days after irradiation. On the second program, the 
antibiotic (kanamycin) and bifidobacteria were given daily from the 5th to 

20th postradiation days. On the third program, antibiotics (kanamycin, ampi- 
cillin or gentamycin) and bifidobacteria were given from the lst to 2lst post- 
radiation days at 48-h intervals. 


We tested the efficacy of each therapeutic program in 3-5 independent experiments. 
In all, we used 1486 mice. 


Results and Discussion 


Early administration of kanamycin combined with kanamycin-resistant strains 

of bifidobacteria on the tirst program prolonged survival of irradiated mice 
(see Table). This was demonstrable from the 16th postradiation day on, and 
thereafter the difference in percentage of surviving mice among treated and 
untreated mice increased constantly; survival rate was similar in the first 3 
groups up to the 23d day, constituting 30.0+1.1% in the first group, 32.8+2.2% 
in the second and 32.8+1.2% in the third group on the 23d day; survival of 
mice in the fourth group constituted 12.8+0.9%. Subsequently, there were no 
deaths among mice in the first and third groups, and on the 30th day the 
percentage of surviving mice in these groups constituted 30.0+1.1 and 32.8+1.2, 
respectively. At the same time, there was some decline in survival rate by 
the 30th day in the second and fourth groups, when it constituted 21.4+0.9 and 
8.640.8%, respectively. 


Early administration of ampicillin combined with ampicillin-resistant bifido- 
bacteria (first program) also elicited some therapeutic response, increasing 

the survival rate among irradiated animals (see Table). The therapeutic effect 
of ampicillin and ampicillin-resistant bifidobacteria was manifested on the 10th 
postradiation day, i.e., somewhat sooner than with the use of kanamycin and 
bifidobacteria. At this time, the percentage of surviving animals constituted 
81.2+2.2, 71.941.5, 79.7+2.8 and 57.8+3.8% in the first, second, third and 
fourth groups, respectively. At subsequent observation times, there was an 
increase in the difference in survival rate among treated and untreated mice. 
The survival rate on the 18th postradiation day constituted 46.9+1.7, 34.311.5, 
57.842.4 and 15.6+1.6 in the first, second, third and fourth groups, respectively. 


On the 23d day, survival constituted 35.9+1.9, 26.6+1.5, 35.941.6 and 12.510.9% 
in the first, second, third and fourth groups, respectively; on the 30th day 
the figures were 28.1+1.6, 25.0+1.1, 29.742.2 and 7.8+0.9%. 
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Survival of mice exposed to °°Co gamma rays in a dosage of 700 R and 
treated with antibiotics combined with bifidobacteria resistant to 
these antibiotics 
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Deferred use of kanamycin and bifidobacteria (second program) elicited a 
weaker therapeutic response than the first program. Thus, on the 9th post- 
radiation day survival constituted 80.0t2.2, 77.7+1.6 and 53.3+2.1% in the 
lst, 2d and 3d groups, respectively (Figure 1 [not reproduced]); on the 23d 
day the figures were 26.6+0.8, 21.1+0.6 and 12.2+1.2%, and on the 30th day 
20.0+0.6, 15.540.4 and 11.1+0.5%, respectively. 


In the next experiments we administered the agents on the third program. With 
use of kanamycin and strain D kan 100 bifidobacteria, mouse survival constituted 
40.0+2.8, 37.7+1.8, 44.4+2.7 and 8.8+0.3% in the lst, 2d, 3d and 4th groups, 
respectively, on the 16th postradiation day and 33.342.9, 20.0+2.3, 26.6+1.7 

and 2.2% on the 30th day (see Table). 


Administration of kanamycin combined with antibiotic-resistant bifidobacteria 
increased survival by 3.5 times, as compared to untreated irradiated animals, 
with use of the first program, by 1.8 times with the second and by 10 times with 


the third program. 


With the use of ampicillin combined with an ampicillin-resistant strain of 
bifidobacteria on the third program the survival rate on the 18th postradiation 
day constituted 46.2+2.2, 32.3+1.7, 33.5+1.9 and 13.8+( 6% in the lst, 2d, 3d 

and 4th groups. A statistically reliable higher survival rate among treated 

mice than untreated ones was demonstrable throughout the subsequent observa- 

tion period. On the 30th day, the survival rates constituted 32.31+0.9, 20.0t1.1, 
23.1+0.7 and 4.6+0.3 in the lst, 2d, 3d and 4th groups, respectively (see Table). 
With use of the first therapy program, survival of mice on the 30th postradia- 
tion day was 3.6 times higher for animals given ampicillin and bifidobacteria, 
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than for untreated animals, and with the use of the third program it was 7 times 
higher (see Table). 


Use of gentamycin and gentamycin-resistant bifidobacterial strain on the third 
program was also rather effective in treating postradiation intestinal dys- 
bacteriosis. 


On the 23d day, the survival rates coustituted 48,0+1.9, 25.3+tl.1, 42.6+2.1 
and 16.040.7% in the lst, 2d, 3d and 4th groups, respectively; on the 30th day, 
the figures were 41,.3+2.2, 14.6t0.6, 40.0+1.7 and 4.0+0.4%. 


Thus, the combined use of antibiotics and antibiotic-resistant bifidobacteria 
on the programs we tested increased the survival rate among irradiated animals. 
However, the intensity of the therapeutic response was largely related to the 
program used and the stage of development of postradiation intestinal dysbac- 
teriosis, at which therapy began, 


In our preceding studies, we demonstrated that marked intestinal postradiation 
dysbacteriosis develops by the 3d postradiation day and persists to the 22d- 
23d day [l, 5]. 


The least therapeutic response was observed when the agents were given starting 
on the 5th postradiation day, against the background of developed intestinal 
dysbacteriosis (second program). The response was enhanced when they were 
Started on the lst postradiation day and given for the next 7 days, thus 
preventing postradiation intestinal dysbacteriosis at the early stages of its 
development (first program). 


The best therapeutic response, which was characterized by increase in survival 
rate amony irradiated animals, was observed with use of the third program, when 
antibiotics and bifidobacteria were given from the lst to 2lst postradiation 
days and throughout the period of development of postradiation dysbacteriosis. 
Yet, administration of antibiotics alone on the same program elicited less 
response than in combination with bifidobacteria. Antibiotic-resistant bifido- 
bacteria given to irradiated animals without antibiotics also had a significant 
effect on prolonging survival of these animals. The combined use of anti- 
biotics and bifidobacteria for radiation sickness is validated by the fact 

that, in the presence of this disease when there is drastic impairment of 
homeostasis, there is substantial impairment of permeability of the intestinal 
walls, and conditionally pathogenic microorganisms, which are normally localized 
only in the intestinal lumen, readily penetrate into its wall, and from there 
the toxic products of their metabolism enter the blood stream freely. The tact 
that, after irradiation, there is a drastic decrease in lactobacilli and biiido- 
bacteria lining the epithelial layer of the intestinal wall and normally pre- 
venting penetration into the wall of conditionally pathogenic microorganisms 

is also instrumental in penetration thereof in the intestinal wall [l, 4, 7, ll]. 
For this reason, antibiotics given intragastrically to irradiated animals for 

21 days after irradiation help decontaminate the intestinal tract, while anti- 
biotic-resistant bifidobacteria, which colonize the intestine, are involved 

in normalizing the microbial cenosis. The advantage of antibiotic-resistant 
bifidobacteria is that, by using them, one can effectively contaminate it 

with bifidoflora concurrently with sterilization of the intestine, already at 
the early stage of therapy. 
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Conclusions 


1. The combined use of antibiotic-resistant bifidobacteria and corresponding 
antibiotics (kanamycin, gentamycin or ampicillin) results in greater survival 
of irradiated mice than with the use of an antibiotic alone. 


2. Antibiotic-resistant bifidobacteria increase survival of irradiated mice 
when given without antibiotic. 


3. The program of prolonged therapy, in which the antibiotic and corresponding 
antibiotic-resistant bifidobacteria are given to irradiated mice from the lst to 
2lst postradiation days at 48-h intervals, is more effective than the program 

of early therapy, when the antibiotic is given from the lst to 7th postradiation 
days and bifidobacteria on the lst, 3d, 5th, 7th, lOth, 15th, 20th and 25th post- 
radiation days and the deferred therapy program, in which the antibiotic and 
bifidobacteria are given from the 5th to 20th postradiation days. 


4. It is more promising to use antibiotic-resistant bifidobacterial strains 
for treatment of postradiation intestinal dysbacteriosys than commercial 


bifidobacterial products, since the former can be given effectively at the 
same time as antibiotics. 
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UDC: 577.391:661.879 :612.015. 33:612.112.94 


NUCLEIC ACID METABOLISM IN RAT THYMUS UPON EXPOSURE TO y RADIATION AND 
PLUTONIUM-239 


Moscow RADIOBIOLOGIYA in Russian Vol 22, No 1, Jan-Feb 82 
(manuscript received 19 Dec 80) pp 35-39 


YEIKINA, N. I. 


[ Abstract ] A study is made of DNA and RNA metabolism in the rat thymus over 
a period of 1 yeer after external y irradiation and administration of 
plutonium-239, Exp2riments were performed on 134 male Wistar rats 160-170 g in 
four groups: 1, external y irradiation plus plutonium; 2, plutonium-239; 

3. external y irradiation; 4, intact control. The results indicate greater 
changes in the thymus upon combined exposure to y irradiation and plutoniun., 
Highly complex interactions occur in the metabolic processes and the experi- 
mental facts observed cannot as yet be completely explained. The nucleic acid 
metabolic disorders detected, caused rapidly by external y radiation, were 
later intensified by administration of plutonium, partially due both to the a 
radiation of the plutonium which is pooled in the thymus and to the indirect 
influence through other systems such as the bone marrow, liver and spleen which 
accumulate plutonium in much larger quantities. Figures 3; references 1}: 

13 Russian, 1 Western. 

[210-6508] 
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UDC: 577.391:576. 3 
EFFECT OF LASER RADIATION ON CHINESE HAMPSTER CELLS CULTURED IN VITRO 


Moscow RADIOBIOLOGIYA in Russian Vol 22, No 1, Jan-Feb 82 
(manuscript received 10 Dec 80) pp 40-43 


ABDVAKHITOVA, A. K., GRIGOR'YEVA, L. N. and PARKHOMENKO, I. M., 
Moscow State University imeni M. V. Lomonosov Biology Faculty 


[Abstract] A study is made of the influence of laser radiation on the repro- 
ductive capacity of cells, evaluated based on the formation of macroscopic 
colonies. Experiments are performed on Chinese hampster cells Blldii FAF-28 
clone 237. Radiation was produced by a helium-neon laser (A=633 nm) and a 
neodymium laser (\=534 nm) using doses of 40 to 900-960 mJ/cm®. The laser 
radiation was found to have a stimulating effect on cell survival, equal to that 
of noncoherent monochromatic light. Laser radiation is also capable of reduc- 
ing the harmful effect of X-radiation when the laser radiation is applied in 
small doses, Figure 1; references 13: 6 Russian, 7 Western. 

[210-6508] 


RAT BONE MARROW CFUc CONTENT DYNAMICS DURING LONG TERM FRACTIONATED IRRADIATION 


Moscow RADIOBIOLOGIYA in Russian Vol 22, No 1, Jan-Feb 82 
(manuscript received 11 Aug 80) pp 44-47 


LUZANOV, V. M. and MUKSINOVA, K. N. 


[Abstract ] A study is made of the content of rat bone marrow granulocyte 
precursor cells in the process of long term fractionated irradiation. Wistar 
rats 8 to 10 weeks in age at the beginning of the experiment, body mass 140- 
150 g were used, irradiated 6 days per week in an experimental y irradiator 
with Cs-137 at a dose of 0.485 Gr. It was found that daily irradiation at 
0.48 Gr for 60 days caused a sharp decrease in the quantity of CFUc, the 
degree of decrease depending on the total dose of radiation ived. The 
change in content of these cells determines the nature of granulocytopoesis dis- 
orders in experimental rats. The decrease in nucleus-containing bone marrow 
cells was less than the change in CFlc content. Figure 1; references 15: 

7 Russian, 8 Western. 
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UDC: 577.391:539.125.5:591.434 


COMPARATIVE RADIATION DAMAGE TO SMALL INTESTINE OF MICE EXPOSED TO X-RAYS 
AND FISSION NEUTRONS DURING VARIOUS STAGES OF POSTNATAL DEVELOPMENT 


Moscow RADIOBIOLOGIYA in Russian Vol 22, No 1, Jan-Feb 82 
(manuscript received 2 May 80) pp 76-81 


BOGATYREV, A. V., TIMOSHENKO, S. I. and SVERDLOV, A. G., Leningrad Institute 
of Nuclear Physics imeni B. P. Konstantinov, USSR Academy of Sciences, 
Gatchina 


[Abstract] The work was performed on 300 CHR mice, newborn, 2 weeks, 4 weeks 
and 10-12 weeks of age. The animals were bombarded with fission neutrons in a 
mixed y-neutron field of a VVR=-M reactor, mean neutron energy 0.85 MeV, dose 
rate 0.25-0.3 Gr/min, neutrons representing 80% of the total dose. X-radiation 
was administered at 250 kV, 215 mA, 0.5 mm Cutl mm Al filters, skin-focal 
length 40 cm, dose 1.8 Gr/min. Doses were 9.8 Gr for newborns, 2 week old and 
10-12 week old animals, 6.8 and 2.0 Gr for 4 week old animals. The animals 
were sacrificed 4 hours to 12 days after irradiation and a segment of the small 
intestine fixed in 10% neutral formalin. Age differences were found in the 
radiation damage to the small intestine. In newborns and 2 week old mice, all 
signs of radiation damage were less strongly expressed than in 4 week old and 
mature mice. Four week old mice were most sensitive to radiation, intestinal 
damage being the dominant factor in the mechanism of post-radiation death 
following neutron bombardment. Apparently the decisive factor causing the age 
specifics of radiation damage is the difference in the rate of renewal of 

cells on the villi. Figures 3; references 6: 5 Russian, 1 Western. 
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UDC: 577.391:612.418 


EA-TEST FOR EVALUATION OF FUNCTIONAL CHANGES IN SPLENOCYTES IN IRRADIATED 
ORGANISM 


Moscow RADIOBIOLOGIYA in Russian Vol 22, Nol, Jan-Feb 82 
(manuscript received 16 Nov 80) pp 82-87 


KLEMPARSKAYA, N. N. and ULANOVA, A. M. 


[Abstract] A new experimental model has been developed allowing determination 
of early changes in the cell functioning of parenchymatous organs after admin- 
istration of antigens. This model is used to show that irradiation, even in 
doses not causing clinical radiation disease, changes these early normal 
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reactions of the cells to both foreign and endogenous antigens. The essence 

of the model is that the cells of the organs are placed in a solution contain- 
ing the antigen, Thirty to 60 minutes after immunization, the spleen and liver 
cells manifest in increased capacity to liberate autoantigens into the surround- 
ing suspension fluid. The test is therefore called the autoantigen excretion 
or EA test. Figures 3; references 15: 12 Russian, 3 Western. 

[210-6508 ] 


UDC: 621,039.58 
STUDY OF SEROTONIN LIBERATION IN VIVO BY MAST CELLS EXPOSED TO MEA 


Moscow RADIOBIOLOGIYA in Russian Vol 22, No 1, Jan-Feb 82 
(manuscript received 16 Sep 80) pp 94-96 


GONCHARENKO, Ye. N., GRAYEVSKAYA, Ye. E., SOBOLEV, A. S. and PYL'NIK, Ye. E., 
Biology Faculty Moscow State University imeni M. V. Lomonosov 


[Abstract] It was earlier proposed that one source of the increased level of 
biogenous amines in radiosensitive tissues is amines deposited in mast cells 
of the connective tissue. Determination of the capability of radioprotectors 
to liberate endogenous amines from mast cells in the peritoneal fluid has 
brought out the need for determination of their subsequent fate and possible 
participation in the accumulation of endogenous radioprotectors in radio- 
sensitive tissues not capable of their synthesis. This is the subject of the 
present study, performed on Wistar rats which were sacrificed, the fluid 
extracted from the peritoneal cavity in a salt solution. The cells were 
incubated for 120 minutes at 37°C with labeled serotonin, Incubation with 3H 
serotonin led to significant accumulation of the amine. The results indicate 
that the radioprotector MEA (mercaptoethylamine HCl) causes excretion of 
serotonin by mast cells into the blood, increasing its content in radio- 
sensitive tissue such as the spleen, not capable of synthesizing it. Figure 1; 
references 4: 2 Russian, 2 Western. 
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UDC: 577.391:612,.015. 33 
cAMP=-DEPEN DENT PHOSPHORYLATION OF PROTEINS IN TISSUES OF IRRADIATED MICE 


Moscow RADIOBIOLOGIYA in Russian Vol 22, No 1, Jan-Feb 82 
(manuscript received 28 Oct 80) pp 96-99 


CHIRKOV, Yu. Yu., SERBIN, P. and SOBOLEV, A. S., Biology Faculty, Moscow State 
University imeni M. V. Lomonosov 


[Abstract] The study of the cAMP-dependent phosphorylation of proteins in the 
irradiated organism can answer the question as to whether disorders arising in 
the enzymes responsible for synthesis and hydrolysis of cAMP can cause distor- 
tions in the occurrence of cAMP-controlled metabolic processes in the cells. 
Male SHK mice 18-20 g were irradiated at 8 Gr in an X-ray machine with copper 
and aluminum filters at 0.5 Gr/min. Radiation changed the response of the 
cAMP system of the liver to a hormonal signal, manifested as a distortion in 
the process of phosphorylation of the protein substrate by cAMP-stimulated 
proteinkinesis. A change in intraceliular cAMP concentration caused by radia- 
tion damage is not compensated and hinders cAMP-dependent phosphorylation, 
disrupting normal occurrence of cAMP controlled metabolic processes in the cell 
such as biosynthesis of proteins. References 10: 5 Russian, 5 Western. 
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UDC 577.391 


GENERAL ADAPTABILITY OF PROGENY OF IRRADIATED MICE, REPORT 2: INTENSITY OF 
BASAL METABOLISM IN MICE 


Moscow RADIOBIOLOGIYA In Russian Vol 22, No 1, Jan-Feb 82 
(manuscript received 14 Apr 80) pp 99-102 


GOL'ZBERG, K. L. and VOROBTSOVA, I. Ye., Central Scientific Research Roentgeno- 
Radiological Institute, USSR Ministry of Health, Leningrad 


[Abstract ] It was earlier suggested that differences in the radiation sensi- 
tivity of progeny of mice irradiated for different periods of time may result 
from reduced rates of metabolic processes, having a positive role in cases of 
acute radiation, a negative role in cases of fractionate . radiation. This 
work checks this assumption by studying the rate of basal metabolism in mice of 
both groups. Body temperature, respiration and pulse frequency were tested. 
Reliable differences between progeny of irradiated and nonirradiated mice were 
found only in body temperature. Differences of the other criteria, though in 
the same direction, were statistically unreliable. The combination of physio- 
logical data indicates that basal metabolism rates are somewhat slowed in the 
progeny of irradiated mice. Figure 1; references 9: 7 Russian, 2 Western. 
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UDC: 577. 391:612.112.94:612.014,.2 


IRRADIATION OF HUMAN PERIPHERAL BLOOD LYMPHOCYTES IN VITRO BY 80.09 y-QUANTA 
iN Gy PHASE DOES NOT INCREASE FREQUENCY OF SISTER CHROMATID EXCHANGES 


Moscow RADIOBIOLOGIYA in Russian Vol 22, No 1, Jan-Feb 82 
(manuscript received 25 Aug 80) pp 102-105 


PYATKIN, Ye. K, and NUGIS, V. Yu. 


[Abstract ] A study was made of the frequency of sister chromatic exchanges 
in human lymphocytes irradiated in vitro py © ¢9 Y quanta in the Gy phase 
using peripheral blood samples from the same healthy donors as the control. 
The produced lymphocyte differed significantly in proliferative activity. 

No difference in the number of sister chromatid exchanges between control and 
experimental cultures was observed at any radiation dose. This indicates the 
sister chromatid exchanges, in contrast to chromosomal aberrations, cannot be 
used to indicate dose in acute radiation sickness. References 14: 2 Russian, 
l2 Western, 
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UDC: 577.391 


POSSIBILITY OF USING CERTAIN RAT ORAL CAVITY EPITHELIAL TISSUE INDICES FOR 
NARLY DIAGNOSIS OF RADIATION TRAUMA 


Moscow RADIOBIOLOGIYA in Russian Vol 22, No 1, Jan-Feb 82 
(manuscript received 1 Nov 80) pp 106-109 


SHATININA, N. N. and UNDALOVA, L. G., Central Scientific Research Roentgen- 
Radiological Institute, USSR Ministry of Health, Leningrad 


[Abstract ] The multilayered flat epithelium of the tongue and cheek has high 
mitotic activity, is easily accessible and highly radiosensitive. A study is 
made of the mitotic activity and DNA concentration in the epithelial tissue 
of the oral cavity in male white rats at various periods following irradiation 
was 3.0 Gr, 6.0 Gr and 8.0 Gr of x-radiation. With increasing time following 
the moment of irradiation the nature of the dose curve changes. Within 48 
hours after irradiation there are no significant differences between doses of 
3, 6 and 8 Gr for the lingual or buccal epithelium, though the mitotic activ- 
ity does not return to the control levels. These times are therefore in the 
time interval during which restoration of the mitotic activity of the lingual 
and buccal epithelium occurs, Differences in mitotic activity are observed at 
12 and 24 hours following irradiation for all three doses in comparison to the 
controls. Figure 1; references 11: 9 Russian, 2 Western. 
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UDC: 577. 391:612.419:612.418 


DISTRIBUTION OF VARIOUS TYPES OF HEMATOPOIETIC COLONIES IN BONE MARROW AND 
SPLEEN OF IRRADIATED RATS AND MICE 





Moscow RADIOBIOLOGIYA in Russian Vol 22, No l, Jan-Feb 82 
(manuscript received 28 Apr 80) pp 109-112 


SHVETS, V. N. 


[Abstract] A comparative study is presented of the distribution of colonies in 
the spleen and bone marrow of rats and mice which had received bone marrow 
cells intravenously 3 to 5 hours after irradiation in various combinations: rat- 
rat, rat-emouse and mouse-mouse, Nine to 10 days after administration of the 
cells, the spleen and femur of the recipient were fixed in paraffin, and 5 to 7 
um sections were obtained each 50 um, stained with hematoxylin-eosin and 
examined with a microscope to count erythroid, myeloid, magacariocyte, 
undifferentiated and mixed colonies. In mouse bone marrow, myeloid colonies 
were predominant, while in rats erythroid colonies were predominant. In both 
rat-mouse and mouse-mouse experiments, erythroid colonies predominated in the 
Spleen, myeloid coloiies in the bone marrow. Reierences 11: 1 Russian, 

10 Western. 
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BONE MARROW PLASMA CELLS IN DOGS WITH ACUTE RADIATION SICKNESS 


Moscow RADIOBIOLOGIYA in Russian Vol 22, No 1, Jan-Feb 82 
(manuscript received 23 Apr 80) pp 112-115 


VLASOV, P. A. 


[Abstract] Fifty-seven of 62 dogs were exposed to 60 c, y irradiation at the 
minimal absolutely lethel dose, then electrocuted at various times after 
exposure, 5 dogs each at 30 minutes, 3, 6, 18 hours, 1, 3, 7, 10, 11 and 12 
days. As radiation aplasia develops in the bone marrow there is a clear 
increase in the absolute number of plasma cells, most of which function 
actively and produce immunoglobulins. The source of the plasma cells is the 
lymphoid organs. This phenomenon is considered a manife.tation of an auto- 
immune state, Figures 2; references 12: 6 Russian, 6 Western. 
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UDC: 577.391 


INCREASE IN EFFECTIVENESS OF BODY WEIGHT ACCOUNTING IN RADIOBIOLOGICAL 
ANIMAL STUDIES 


Moscow RADIOBIOLOGIYA in Russian Vol 22, No 1, Jan-Feb 82 
(manuscript received 23 Jul 80) pp 115-117 


TYURIN, Ye. A. 


[ Abstract ] A more informative method of revealing changes in body mass of 
animals in experimental and control groups in radiobiological experiments than 
Siuple recording of body weight is suggested: counting the number of cases 
of reduced body mass (in %) in comparison to the minimum initial mass of 
individuals used in the experiment. This requires determination of the limits 
of fluctuation of body mass of the animals used in the experiment, with the 
minimum figure used as the threshold. The data produced demonstrate the pos- 
sibility of using the method suggested to evaluate changes in body mass of 
animals in experimental and control groups in studies of radioprotective sub- 
stances on small laboratory animals. Figures 2; references: 4 Russian. 
[210-6508 ] 
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STIMULATION OF ANTIBODY FORMATION IN IRRADIATED ANIMALS BY ENDOGENOUS AND 
EXOGENOUS INTERFERON 


Moscow RADIOBIOLOGIYA in Russian Vol 22, No 1, Jan-Feb 82 
(manuscript received 8 Sep 80) pp 123-126 


ZHELEZNIKOVA, G. F., Central Scientific Research Roentgeno-Radiological 
Institute USSR Ministry of Health, Leningrad 


[ Abstract ] Interferon and its inductors were used to restore the immune 
response of irradiated mice to administration of antigens. The experiments 
were performed on mice of both sexes subjected to full body irradiation by 
X-rays, dose power 9.4-11.0 Gr/min, dose 4 and 5 Gr. One day after irradiatior. 
the mice were immunized by intraperitoneal administration of sheep erythrocytes 
or E. coli. The immune response was tested after 4,6,10 and 15 days. Both 
interferon preparations, virus-inducea and endotoxin-induced, stimulate anti- 
body formation in irradiated mice for both corpuscular antigens. Exogenous 
viral-induced interferon had a much greater effect than the virus itself. 

This is probably explained by the dose dependence of the phenomenon, 
References 9: 4 Russian, 5 Western. 
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UDC: 577.391:661, 879 


RESTDUAL DAMAGE AFTER INTERRUPTION OF CHRONIC EXPOSURE TO TRITIUM OXIDE AND 
EXTERNAL y RADIATION 


Moscow RADIOBIOLOGIYA in Russian Vol 22, No 1, Jan-Feb 82 
(manuscript received 19 May 80) pp 127-130 


VORONIN, V. S. and MURZINA, L. D. 


[ Abstract ] A study is made of the residual radiation damage in rats after 
interruption of long term administration of tritium oxide (HTO) in various 
daily doses and chronic y irradiation in comparable daily and summary doses. 
The completeness of restoration of the hematopoietic system was also studied 
and the significance of its state in the formation of residual damage after 
chronic radiation exposure was estimated. The experiments were performed on 
1600 male Wistar rats which received HTO orally for 3 months as described in an 
earlier work. Chronic y irradiation was by 137cs, A clear variation of 
residual radiation damage as a function of the change in the number of myelo- 
kariocytes was noted for animals receiving HTO. In animals on the lowest dose, 
only the bone marrow cells showed this correlation. In animals exposed to y 
irradiation the correlation was observed only in the lymphoid organs. 
References 10: 7 Russian, 3 Western. 
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UDC: 577.391:001.572 


MATHEMATICAL MODELING AND CALCULATION OF DYNAMICS OF MOUSE POPULATION DEATH 
UNDER INFLUENCE OF IRRADIATION 


Moscow RADIOBIOLOGIYA in Russian Vol ee, Nol, Jan-Feb 82 
(manuscript received 14 May 80) pp 133-136 


ROZENFEL'D, B. I., BUT, P. G. and CHIBRIKIN, V. M., Institute of Chemical 
Physics, USSR Academy of Sciences, Moscow 


[Abstract ] A study is made of the dynamics of death under the influence of 
radiation in 60 groups of white mice (males, 18-22 g) maintained under standard 
conditions but with natural illumination, Each group consisted of 20 individ- 
uals exposed to one time whole body y radiation by ©9co .t 450 r, dose rate 

44 r/min, Mathematical models based on the principle of random streams of 
events were used to describe the process of death of the animals with time. 

The dynamics of death of the animals in the groups is well described by a 
stochastic model with parameters dependent on the group. Social interactions 
within the group were found to be insignificant for the process of death of the 
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mice, The death process mimiced an epidemic, occurring intensively over a 
comparatively short period of time, 7 to 8 days, depending on the individual 
group of animals, References 6; 4 Russian, 2 Western. 
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UDC 616-001, 28-036,11-092,9-07 :616.428-008.951-097,. 3 


IN SITU MACROPHAGE*=INDUCED FORMATION OF GLOBULAR ACCUMULATIONS OF AUTOLOGOUS 
ERYTHROCYTES IN LYMPH NODES OF DOGS WITH ACUTE RADIATION SICKNESS 


Moscow ARKHIV PATOLOGII in Russian Vol 44, No 4, Apr 82 p 91 
VLASOV, P. A., USSR Ministry of Health, Moscow 


[Abstract ] Investigations on outbred dogs irradiated with a minimum lethal 
dose of gamma rays showed that 7 days after irradiation rosette-like accumula- 
tions of erythrocytes with centrally located macrophages were evident in the 
cranial sinuses, The formation of these entities was regarded as the in vivo 
correlate of in vitro rosette formation, due to the known increase in anti- 
erythrocyte antibodies by the 7th day of radiation sickness and for which 
receptors exist on macrophages. 
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UDC 616-001. 28+577.164. 3+612,115 


COMPARATIVE STUDIES ON EFFECTS OF RUTIN AND FLAVONOIDS FROM THORNY CAPER ON 
RADIATION SICKNESS AND BLOOD COAGULATION IN RATS 


Frunze IZVESTIYA AKADEMII NAUK KIRGIZSKOY SSR in Russian No 5, Sep-Oct 81 
(manuscript received 10 Apr 81) pp 60-63 


ALTYMYSHEV, A. A., OROZOV, M. A., VARVASHTYAN, V. M., GROMOVA, L. G., 
YARTSEV, N. M. and GORELKINA, O. I., Institute of Organic Chemistry, Kirghiz 
SSR Academy of Sciences 


[Abstract] A study was undertaken of the physiological effectiveness of 
pharmaceutical-grade rutin and flavonoid extract of the thorny caper (ca.90% 
rutin) in rats with mild radiation sickness (250 R). The results showed that 
administration of rutin or of the extract (0.4 mg/100 g intraperitoneally) 
caused a decrease in be“y weight and an increase in the weight of the adrenals, 
concomitant with a decrease in the latter's ascorbic acid content. Administra- 
tion of these preparations accelerated blood clotting in normal control rats 
and normalized it in the animals with radiation sickness. References 15: 

12 Russian, 3 Western, 
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UDC 576. 353:591.044.,82:591.481.1 


AUTORADIOGRAPHIC STUDIES OF CELL KINETICS AFTER WHOLE BODY X-RAY IRRADIATION, 
PART 1: MODE OF DEATH OF LETHALLY INJURED PROLIFERATING SUBEPENDYMAL CELLS IN 
RAT BRAIN 


Leningrad TSITOLOGIYA in Russian Vol 24, No 3, Mar 82 
(manuscript received 5 Dec 80) pp 270-277 


GRACHEVA, N. D., Department of Isotopic Research Methods, Central Scientific 
Research Roentgeno-Radiological Institute USSR Ministry of Health, Leningrad 


[Abstract ] Autoradiographic tests were performed on proliferating subependymal 
cells derived from the brain of Wistar rats treated with 3-H-thymidine, 60-80 
min prior to whole-body x-ray irradiation with 50, 150, or 300 Rj. Evaluation 
of the time-dependent increase in the fraction of radio-labeled cells and the 
two-fold lower concentration of the label in pycnotic nuclei indicated that 
the lethally-injured cells which were irradiated in the early Go and S phases 
were subjected to mitotic, rather than interphase, death in the first post- 
radiation cell cycle. Such cells underwent mitosis ca, 2h after irradiation, 
showing a 1 h lag phase vis-a-vis control cells, irrespective of the radiation 
dose. Figures 5; references 25: 14 Russian, 11 Western. 
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AUTORADIOGRAPHIC STUDIES OF CELL KINETICS AFTER WHOLE BODY X-RAY IRRADIATION, 
Part 2: POSTRADIATION DEATH OF DIFFERENTIATING AND PROLIFERATING SUBEPENDY MAL 
CELLS IN RAT BRAIN 


Leningrad TSITOLOGIYA in Russian Vol 24, No 3, Mar 82 
(manuscript received 5 Oct 80) pp 278-285 


GRACHEVA, N. D., Department of Isotopic Research Methods, Central Scientific 
Research Institute of Roentgeno-Radiology, USSR Ministry of Health, Leningrad 


[ Abstract ] Post-radiation cell death in the subependymal zone of the rat brain 
was investigated by injection of 3-H-thymidine 60-80 min prior to X-ray irradi- 
ation of the animals with 50, 150, or 300 R. Subsequent correlation of auto- 
radiographic findings with the cell cycle showed that t*e proliferating and 
differentiating (D) cells followed a fluctuating pattern in cell death, in that 
cells irradiated in the early Go and the S phases showed four peaks of mitotic 
cell death in the first postradiation cell cycle. Cells injured in the G 

phase lost the capacity for DNA synthesis, since the 300 Reirradiated cells 
failed to incorporate 14-C-thymidine administered subsequently (3 h before 
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sacrifice, 12-17 h after 3-H-thymidine injection), Since these cells did not 
die within 4 h of irradiation, their death evidently came about during the 
first postradiation cell cycle. The cell death pattern of the D cells coin- 
cided with the death peaks and mitotic peaks of the proliferating cells,indi- 
cating that the D cells retained the rhythm and phase sequence of the mitotic 
cycle in the form of a short cycle. All the irradiated cells entered mitosis 
with a one hour delay, and the total number of cell deaths was dosage-related. 
Figures 4; references 11: 8 Russian, 3 Western. 

[242-12172] 


UDC 539.16.047 :611/612 
ENZYMATIC INDICATORS OF SKIN DAMAGE INDUCED BY EXTERNAL BETA-IRRADI ATION 


Yerevan BIOLOGICHESKIY ZHURNAL ARMENII in Russian Vol 25, No 1, Jan 82 
(manuscript received 5 May 81) pp 36-41 


MATYUSHICHEV, V. B. and KORNIKOV, V. V., Biochemistry Chair, Biology Faculty, 
Leningrad State University imeni A. A. Zhdanov 


[Abstract] Factor analysis was conducted on the relationshiy, between the 
severity of skin damage in outbred rats from external beta irradiation (85xy 
source, 30-100 gray dose) on the 14th post-irradiation day, and the activities 
of plasma and cutaneous enzymes in relation to dose and body weight. Analysis 
demonstrated that the most meaningful information, taking into consideration 
individual susceptibilities to irradiation, was provided by plasma and skin 
alkaline phosphatase, and lactate dehydrogenases, plasma hexose monophosphate 
shunt dehydrogeneses, and skin aspartate-aminotransferase. References 8: 

4 Russian, 4 Western. 
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[Text] Our objective here was to examine some of the functional distinctions 
of the cardiovascu!ar system, cerebral hemodynamics and manifestation of 
activity of adaptive antihypoxia mechanisms during work hours in operators 

at computer centers working with keyboard computers. 


A hygienic study revealed that working conditions at tiie work places of 
computer center operators are not entirely favorable. For example, illumina- 
tion at the work places is 100-150 lux lower than stipulated in the sanitary 
standards for this category of work. The level of noise, mainly in the medium 
and high-frequency spectrum, exceeds the maximum permissible level by 8-12 dB. 


According to the time studies we conducted, the density of the work day for 
the operator group we surveyed constituted 74.5% for the main work and 11.8% 
for ancillary work. 


The typical distinction of work of computer center operators is that it is 

necessary to maintain a high work pace, hold a working position for a long 

time, receive a significant amount of incoming information, perform a large 
number of similar "local" movements using muscles of the arm and hand. 


We examined 23 computer center operators 20 to 32 years of age with work tenure 
of 2 to 10 years. All of the subjects were essentially healthy. We examined 
them 3 times during the work shift: before starting to work (0800 hours), 
before the lunch break (1200) hours and at the end of the shift (1700 hours) 
right at the operators’ work places. 


We determined pulse rate and arterial pressure by the method of N. S. Korotkov 
to assess the function of the circulatory system. We calculated the parameters 
of mean dynamic pressure (N. N. Savitskiy), stroke and minute volumes of 
circulation according to Starr, peripheral vascular resistance using the 
formula of Poiseuille and N. N. Savitskiy on the basis of the heart rate and 
arterial pressure. 
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Table 1, 


Dynamics of pulse rate 


























~ Time of Mean dif- 
examina-| M ference P 
tion & error 
O800 hours| 71.5 
1200 hours] 70.8 | 0,641.2 >0.5 
1700 hours | 66.8; 4,6+1,.2 <0,01 
Table 2. 


Dynamics of REG parameters 

















Time Lead 
of Parameter | left i. right 
exam. frontomastol 
O800 a 0.10+0.0! | 0.10+0.01 
hours “ 100 % =| 15.421.2 | 16.141.3 
| A 2.0+0.1 | 1,740.1 
oh 
1200 a 0.12-0.0!1 | 0.11+40,0! 
hours P | >] >0.2 
— +100 % | 1621.0 | 17.4+£1.5 
P >0.05 >0,2 
7 1,940.3 1.7+0,1 
| P >0.5 0 
1700 0.13+0.01 | 0.11+0.01 
| = 100% | 16.4+0.8 | 18,741.7 
P <0.05 >0.! 
“ 1.8+0.3 1.6+0,.1 
P >0.5 >0.2 
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The changes in pulse rate of the 
subjects in the examined occupational 
group during the work shift are listed 
in Table 1, which shows that there 

was insignificant slowing of heart 
rate at the end of the first half of 
the work day, reaching statistical 
Significance at the end of the shift. 


Systolic arterial pressure dropped 
negligibly in the course of the work 
day, whereas mean dynamic and dia- 
stolic pressure did not change. We 
observed insignificant and statisti- 
cally unreliable fluctuations of 
stroke and minute volumes, as well 
as peripheral vascular resistance. 


In view of the above-mentioned 
changes in functional state of the 
circulatory system, it was interest- 
ing to compare the distinctions of 
cerebral hemodynamics in computer 
center operators, 


We recorded rheoencephalograms [REG] 
directly at the operator's work 
place using a 4-channel 4-EEG-1 
electroencephalograph with a rheo- 
graphic attachment. The subject 
was seated in a relaxed position. 
Cerebral hemodynamics were examined 
using frontomastoid and bioccipital 
positions of electrodes. 


The REG studies failed to demonstrate 
statistically significant changes in 
circulation in the posterior parts 
of the brain of computer center 
operators, so that we were able to 
limit ourselves to analysis of REG 
parameters for the left and right 
frontomastoid leads. We analyzed 
the following parameters of the REG 
in the course of the work shift: 
duration of anacrotic phase of the 
rheowave (a), ratio of @ to the 
period of the entire wave (a/T*100Z) 
and index of tonic tension (A/h). 
Table 2 lists the changes in these 
parameters of cerebral hemodynamics 
in the course of the work shift of 











computer center operators, We observed an increase in both duration of the 
anacrotic phase of the rheowave and its ratio to the period of the entire wave, 
which reached statistical significance at the end of the shift in the left 
frontomastoid lead (see Table 2). 


The absolute and relative increase in duration of anacrotic phase can be inter- 
preted as manifestation of diminished volumetric rate of intracerebral blood 
flow in the left hemisphere (A. Ya. Mints and M. A. Ronkin; Kh. Kh. Yarullin, 
and others). At the same time, the absence of statistically significant changes 
in tonic pressure (see Table 2) does not warrant reference to increase in peri- 
pheral resistance of intracranial vessels. 


Analysis of the submitted results of physiological studies shows that there 
are similar dynamics of systemic and intracerebral circulation, manifested by 
a tendency toward slowing of heart rate and reduction of volumetric blood flow 
rate in cerebral vessels of the dominant hemisphere. 


Considering the above functional distinctions of the circulatory system, it 
was interesting to study the degree of activity of adaptive mechanisms that 
provide for proper delivery of oxygen to the body. The informativeness of the 
oxyhemometric method, combined in functional tests, in studies dealing with 
industrial hygiene has been demonstrated in the works of a number of authors 
V. N. Lyubartsev; A. N. Melkumyan and V. G. Knabengof; S. M. Rashman, and 
others). Nevertheless, there are very few such studies, Least studied are 
the dynamics of oxyhemographic parameters during mental work. 


Changes in blood oxygenation were recorded on a type 0-36M oxyhemograph, using 
an ordinary sensor placed on the subject's earlobe. We recorded the oxyhemo- 
graphic curves during the breath-holding test in expiration (Genchi test). 


Of the oxyhemographic parameters studied--duration of stable A-B phase of the 
oxyhemographic curve, blood flow rate in the lung-ear segment, coefficient of 
recovery (A. G. Dembo, Ye. M. Kreps; E. Ya. Laane)--the most informative one 
was found to be the coefficient of intensity of hypoxic changes (CIHC), cal- 
culated with the formula: 


(A-D) = A =-C ; 
A-C 





CIHC = 1002, 

where A is oxygen content of blood in expiration, C is oxygen content at 

end of breath-holding and D is minimum oxygen content during the hypoxic test. 
CIHC reflects the degree of activity of antihypoxia mechanisms and their 
ability to maintain oxygen equilibrium in the hypoxic phase (V. A. Nebotov). 


As a result of these studies, it was demonstrated that there is a reliable 
increase in CIHC (P<0.05) at the end of the shift, as ompared to base values 
at the start of the shift. The demonstrated increase in CIHC is indicative of 
attenuation of activity of adaptive mechanisms directed at elimination of 
hypoxic changes during work of computer center operators. 


A comparative analysis of the physiological parameters in question revealed 
that slowing of heart rate and intracerebral blood flow occurred against the 
background of diminished functional activity of adaptive antihypoxia mechanisms. 
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It can be assumed that the observed changes are instrumental in lowering work 
capacity and development of fatigue in individuals of the occupational group 
examined, and that they are largely determined by the inhibitory effect of 
hypokinesia and monotony on higher branches of the central nervous system. 


Physiological and hygienic recommendations for optimizing working conditions 
of computer center operators were developed and tested in order to minimize the 
adverse effects of the work environment, primarily hypokinesia and monotony. 


Use of lamps with fluorescent tubes providing at least 300 lux are proposed to 
improve the artificial illumination of work places. To lower the noise level 
in work rooms, the walls and ceilings should be covered with sound-proof 
panels. 


The recommended schedule for work and rest of computer center operators includes 
warm-up exercise before starting to work, brief physical culture breaks lasting 
2-3 min, which the operators perform individually in the course of the work 
shift, and physical culture sessions of 8-10 min 2-3 h after the lunch break. 


Conclusions 


1. In the course of the work shift of computer center operators, one observes 
slowing of heart rate, intracerebral blood flow and diminished activity of 
adaptive antihypoxia mechanisms. 


2. In our opinion, the above physiological changes are the consequence of 
prolonged exposure to hypokinesia and monotony, which are inherent in the 


work of computer center operators. 


3. A work and rest schedule for computer center operators aimed at overcoming 
the adverse effect of hypokinesia and monotony, as well as steps to improve 
sanitary and hygienic working conditions, have been developed. 
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